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.     .    •    •    •    •     Oo^  demand 

Of  mighty  Nature,  if  'twas  ever  meant 

That  we  ahould  pry  fiur  off  and  be  unraised, 

That  we  should  pore,  and  dwindle  as  we  pore, 

Viewing  all  objects  unremittingly 

In  disconnexion  dead  and  spiritless ; 

And  still  dividing,  and  dividing  still. 

Break  down  all  grandeur,  still  unsatisfied 

With  the  perverse  attempt,  while  littleness 

May  yet  become  more  little  ;  waging  thus 

An  impious  war&re  *gainst  the  very  life 

Of  our  own  souls. 

Wordsworth,  Exewnion. 
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HISTORY  OF  ELECTRICITY. 


B  2 


Pabya  metn  primo :  mox  leee  eztollit  in  auras, 
Ingreditarque  solO|  et  caput  inter  nnbila  oondit. 

^».  iy.  176. 


A  timid  breath  at  firsts  a  trannent  tonch, 
How  Boon  it  BwellB  from  litUe  into  much  ! 
Bona  o*er  the  ground,  and  springs  into  the  air, 
And  fills  the  tempest's  gloom,  the  lightning's  glare ; 
While  denser  darkness  than  the  central  storm 
Conceals  the  secrets  of  its  inward  form. 


^B  INTRODUCTION. 

^H  Of  ihe  Mechanico-Ch^mieal  ScU 


Of  the  Mechanico-Chemieal  Scieneea. 

UNX>!ER  the  title  of  MecliEinico-Cliemical  Sciences,  I 
include  the  lawa  of  Magnetism,  Electricity,  Oal- 
vauism,  and  the  other  classea  of  phenomena  closely 
related  to  thrae,  aa  Thermo-electricity.  Thia  group  of 
Bubjecte  forms  &  curious  and  interesting  portioa  of  our 
physical  knowledge ;  and  not  the  least  of  the  circum- 
stances which  give  them  their  interest,  is  that  double 
hearing  upon  mechanical  and  chemical  principles,  which 
th(^  name  is  intended  to  imply.  Indeed,  at  first  sight 
they  appear  to  be  purely  Mechanical  Sciences;  the 
attractions  and  repulsions,  the  pressure  and  motion, 
which  occur  in  these  cases,  are  referrible  to  mechanical 
conceptions  and  laws,  as  completely  as  the  weight  or 
fall  of  terrestrial  bodies,  or  the  motion  of  the  moon  and 
planets.  And  if  the  phenomena  of  magnetism  and 
electricity  Iiad  directed  us  only  to  such  laws,  the  corre- 
sponding sciences  must  have  been  arranged  as  branches 
of  mechanics.  But  we  find  that,  on  the  other  side,  these 
phenomena  have  laws  and  hearings  of  a  kind  altogether 
different.  Magnetism  is  associated  with  EUectricityby 
its  mechanical  analogies;  and,  more  recently,  has  been 
discovered  to  be  stiU  more  closely  connected  with  it  by 
physical  influence;  electric  is  identified  with  galvanic 
^eucy;  hut  in  galvanism,  decom]iositian,  or  some  action 
of  thut  kind,  universally  appears ;  and  theee  appear- 
ances lead  to  very  general  laws.  Sow  composition  and 
decom]>osition  are  the  subjects  of  Chemistry;  and  thus 
we  find  that  we  are  insensibly  but  irresistibly  led  into 
thedomain  of  that  science.  The  highest  generalizations 
to  which  we  can  look,  in  advancing  from  the  elemen- 
tary facts  of  electricity  and  galvaiiism,  must  involve 
chemical  notiona;  we  must  therefore,  in  laying  out  the 
platform  of  these  stsence^  make  provmoa  for  U>ab  QOIfe- 


6        THE  MECHANICO-CHEMICAL   SCIENCES. 

vergence  of  mechanical  and  cLemical  theory,  which  they 
are  to  exhibit  aa  we  ascend. 

We  must  begin,  however,  with  stating  the  mechanical 
phenomeua  of  these  sciences,  and  the  reduction  of  such 
phenomena  to  laws.  In  this  point  of  view,  the  pheno- 
mena of  which  we  have  to  apeak  are  those  in  which 
bodies  exhibit  attractions  and  repulsions,  peculiarly 
determined  by  tlieir  nature  and  circiiniBtances ;  as  tlie 
id  a  piece  of  amber  when  rubbed.  Such 
I  altogether  different  irom  the  universal 
attraction  which,  according  to  Newton's  discovery, 
prevails  among  all  particles  of  matter,  and  to  wliich 
cosmical  phenomena  are  owing.  But  yet  the  difference 
of  these  sjiecial  attractions,  and  of  cosmical  attraction, 
was  at  first  so  far  from  being  recognized,  that  the  only 
way  in  which  men  could  be  led  to  conceive  or  assent 
to  an  action  of  one  body  upon  another  at  a  distance,  in 
coamical  cases,  was  by  likening  it  to  magnetic  attrac- 
tion, as  we  have  seen  in  the  history  of  Physical  Astro- 
nomy. And  we  shall,  in  the  first  part  of  our  account, 
not  dwell  much  upon  the  peculiar  conditions  under 
which  bodies  ore  magnetic  or  electric,  since  these  con- 
ditions are  not  readily  reducible  to  mechanical  laws; 
but,  taking  the  magnetic  or  electric  character  for 
granted,  we  shall  trace  its  effects. 

The  habit  of  considering  magnetic  action  as  the  type 
or  general  cane  of  attractive  and  repulsive  agency,  ex- 
plains the  early  writers  having  spoken  of  Electricity  aa 
a  kind  of  M!agnetism.  Thus  Gilbert,  in  his  book  Jh 
ifoffiiele  (1600),  has  a  chapter,^  De  etnttorte  MagTieticd, 
primumqtte  de  Sueeini  attractioTie,  sive  verius  eorjxtrwm 
ad  STMximt/m  applieatume.  The  manner  in  which  he 
Speaks,  shows  us  how  mysterious  the  fact  of  attraction 
theu  appearo<l;  so  that,  as  he  says,  'the  magnet  and 
amber  were  called  in  aid  by  philosophers  aa  illustra- 
tions, when  our  sense  is  in  the  dark  in  abstruse 
inquiries,  and  when  our  reason  can  go  no  further.' 
GUhert  speaks  of  these  phenomena  like  a  genuine  in- 
ductive philosopher,  reproving'  those  who  before  him 
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had  '  sCofiiid  tlte  bouksf  Hers'  ahofis  by  copying  frum  ouo 
Niother  extravagsJit  stories  conoeniiiig  tiitt  uttructiou 
of  mAgnete  anil  amber,  without  giviug  any  reaxoa  from 
experunent.'  He  himself  makt«  eonic  imjiortant  aU.>|)s 
in  the  subject.  He  diatinguiahea  magnetic  from  electric 
toroDK,*  and  is  the  inventor  of  the  Utter  name,  derived 
&0O1  ^XiKTfor,  tleeCroii,  amber.  He  observes  rightly, 
tlikt  the  elevtric  force  attracts  all  light  bodies,  while 
the  lUAgnetic  foroe  attracts  irou  only;  and  he  devises 
ft  ntiabctary  apparatus  by  which  this  is  shown.  He 
gives*  a  ooosideTable  li«t  of  bodies  which  possess  the 
electric  property ;  '  Not  only  aui1>er  and  agate  attract 
amall  bodies,  as  some  think,  but  diamond,  sap]ihire, 
carboncle,  opal,  amethyst,  Bristol  gem,  beryl,  crystal, 
glaa,  gloM  of  antimony,  spar  of  various  kinds,  sulphur, 
Duatii^  sealing-wax,'  and  other  Bubstanoea  which  ha 
meattona.  Even  his  speculations  on  the  general  laws 
of  these  phenomena,  though  vague  and  erroneous,  a«  at 
that  period  was  unavoidable,  do  him  no  discredit  when 
oompored  with  the  doctrines  of  his  aucoesaors  a  century 
and  A  half  afterwarda.  But  such  speculations  belong 
to  a  succeeding  part  of  this  history. 

In  ti^ating  of  these  Sciences,  I  will  srieak  of  Eleo 
tricity  in  the  first  place;  although  it  is  thus  Befiarated 
by  the  interposition  of  Magueti^  trova  the  succeeding 
■nbjecte  (Galvanism,  ^.)  with  which  its  alliance  seejns, 
at  fitEt  sight,  the  closest,  and  although  some  general 
notions  of  the  laws  of  magnets  were  obtained  at  an 
earlier  period  than  a  knowleilge  of  the  corresi>onding 
relations  of  electric  phenomena:  for  the  theory  of 
electric  attraction  and  repulsion  is  somewhat  more 
simple  tlian  of  magnetic;  was,  in  fact,  the  first  tib- 
t«iiied ;  and  was  of  use  in  suggesting  and  ooufinuiiig 
the  generalization  of  magnetic  1aw». 


L 


CHAPTER  I. 
Discovert  op  Laws  of  Electric  Phesomesa. 

WE  have  already  seen  what  waa  the  state  of  this 
branch  of  knowledge  at  the  beginning  of  the 
Beveateenth  centiiry,  and  the  advances  made  by  Gilbert. 
We  must  now  notice  the  additions  which  it  snbae- 
qnently  received,  and  especially  those  which  led  to  the 
discovery  of  general  laws,  and  the  establishment  of  the 
theory;  eventa  of  thia  kind  being  those  of  which  we 
have  more  peculiarly  to  trace  the  cunditiona  and  causes. 
Among  the  iacta  which  we  have  thus  especially  to 
attend  io,  are  the  electric  attractions  of  em  all  bodies  by 
umber  and  other  Bubstauoea  when  rubbed.  Boyle,  who 
repeated  and  extended  the  experiments  of  Gilbert,  does 
not  appear  to  have  arrived  at  any  new  general  notions; 
but  Otto  Guericke  of  Magdeburg,  about  the  same  time, 
made  a  very  material  step,  by  discovering  that  there 
was  an  electric  force  of  repidsion  as  well  as  of  attrac- 
tion. He  found  that  when  a  globe  of  sulphur  had 
attracted  a  feather,  it  afterwards  repelled  i^  till  the 
feather  bad  been  in  contact  with  some  other  body. 
This,  when  verified  under  a  due  generality  of  circum- 
stances, forms  a  capital  &ct  in  our  present  subject. 
Hawkesbee,  who  wrote  in  1709  {^Phijsieo-Meeha'aieal 
ExperlmenU^  also  obseiTed  various  of  the  efFecta  of 
attraction  and  repulsion  upon  threads  hanging  loosely. 
But  the  person  who  appears  to  have  first  fully  seized 
the  general  law  of  these  fitcta,  ie  Dufay,  whose  experi- 
ments appear  in  the  Memoirs  of  the  French  Academy, 
in  1733,  [734,  and  1737.'-  '  I  discovered,'  he  saj^  '  a 
very  simple  principle,  which  accounts  for  a  great  part 
of  the  irregularities,  and,  if  I  may  nse  the  term,  the 
caprices  that  seem  to  accompany  most  of  the  experi- 
ments in  electricity.  This  principle  is,  that  electric 
bodies  attract  all  those  that  are  not  so,  and  re]>el  them 

1  PriMtlBj'i  UUtory  o/EUdricUi/.  p.  4J,  auJ  llie  Jlemuirt  quolecL 
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ig  sixin  as  the;  are  become  electric  by  the  vicinity  or 
conUrt  of  the  electric  body  ....  Ujx)n  applying  this 
principle  to  Tarions  experiments  of  electricity,  any  one 
will  be  surprized  at  the  number  of  obecure  and  pus- 
iling  &cts  which  it  clear§  up.'  By  the  help  of  this 
principle,  he  endeavouts  to  explain  several  of  Hawkex- 
bee's  experiments. 

A  little  anterior  to  Dafay's  experiments  were  those 
of  Grey,  who,  in  1729,  discovered  the  properties  of 
eondtictorg.  He  found  that  the  attraction  and  repulidon 
vhich  appear  in  electric  bodies  are  exhibited  also  by 
other  bodies  is  contact  with  the  electric.  In  thu 
manner  he  found  that  an  ivory  ball,  connected  with  a 
glass  tube  by  a  stick,  a  wire,  or  a  packthread,  attracted 
and  repelled  a  feather,  as  the  glass  itself  would  have 
done.  He  waa  then  led  to  try  to  extend  this  oommu- 
nication  to  considerable  distances,  first  by  nscending  to 
on  apper  window  and  hanging  down  his  ball,  and, 
afterwards,  *iy  carrying  the  string  horizontally  sup- 
ported on  loops.  As  bis  succeas  was  complete  in 
the  fbrmer  c«ae,  be  was  peq>lexed  by  failure  in  the 
latter;  but  when  he  supported  the  string  by  loops  of 
silk  instead  of  hem])en  cords,  he  Ibiind  it  again  become 
a  conductor  of  electricity.  This  he  ascribed  at  first  to 
the  smaller  thickness  of  the  silk,  which  did  not  carry 
o£f  so  much  of  the  electric  virtue;  but  from  this  ex- 
planation he  was  again  driven,  by  finding  that  wires 
of  brass  still  thinner  than  the  silk  destroyed  the  effect. 
Thus  Grey  perceived  that  tlie  efficacy  of  the  support 
depended  on  itti  being  silk,  and  he  soon  found  other 
aubetances  which  answered  the  same  purpose.  The 
difference,  in  (act,  depended  on  the  Hupi>orting  sub- 
stance being  electric,  and  therefore  not  itself  a  con- 
ductor; for  it  soon  appeared  from  sucli  experiments, 
and  especially^  from  ^oso  made  by  Dufay,  that  sub- 
Btancea  might  be  divided  into  electrics  per  Me,  and  non- 
eleetrica,  or  eonduetorB.  These  terms  were  introdi:ced 
by  Desaguliers,'  and  gave  a  permanent  currency  to  the 
alts  of  the  labours  of  Grey  and  others. 
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Anotbor  very  imjiortaiit  discovery  belonging  to  this 
peiiod  ifl,  that  of  the  two  kinds  of  electricity.  This 
also  waa  meAe  by  Dutay.  'Chance,'  saya  he,  'has 
thrown  in  my  way  another  principle  more  iiniTeraal 
and  remarkable  than  the  preceding  one,  and  which 
casts  a  new  light  upon  the  anbjeot  of  electricity.  The 
principle  is,  that  there  are  two  distinct  kinda  of  elec- 
tricity, very  dilferent  from  one  another;  one  of  which 
I  call  vitreotu,  the  other  reiinoui,  electricity.  The  first 
is  that  of  glass,  gems,  hair,  wool,  die;  the  second  is  that 
of  amber,  gum-lac,  silk,  <ltc.  The  oharacteristio  of 
these  two  electricities  is,  that  they  repel  themselves 
and  attract  each  other.'  This  discovery  does  not,  how- 
ever, appear  to  have  drawn  so  mnch  attention  as  it 
deserved.  It  was  published  in  1735 ;  (in  the  Memoirs 
of  the  Academy /or  1733;)  and  yet  in  1747,  Franklin 
and  his  iriends  at  Pliilsdelphia,  who  had  been  supplied 
with  electrical  apparatus  and  information  by  persons 
in  England  well  acquainted  with  the  then  present  state 
of  the  subject,  imagined  that  they  were  making  obser- 
vations unknown  to  European  science,  when  they  were 
led  to  assert  two  conditions  of  bodies,  which  were  in 
fact  the  o|]posite  electricities  of  I>ufay,  though  the 
American  experimenters  referred  them  to  a  single 
element,  of  which  electrized  bodies  might  have  either 
excess  or  defect.  '  Hence,'  Franklin  says,  '  have  arisen 
some  new  terms  among  us :  we  say  B,'  who  receives  a, 
spark  from  glass,  '  and  bodies  in  like  circumstances,  is 
electrized  poiilivdy;  A,'  who  communicates  his  elec- 
tricity to  glass,  '  negativdy;  or  rather  B  is  electrized 
plm,  A  mmu*.'  Dr.  (afterwards  Sir  William)  Watson 
had,  almut  the  same  time,  arrived  at  the  same  conclu- 
sions, which  he  expresses  by  saying  that  the  electricity  of 
A  was  fmire  rare,  and  that  of  B  more  den^e,  than  it  natu- 
rally would  have  been.*  But  that  which  gave  the  main 
importance  to  this  doctrine  was  its  application  to  BOmo 
remarkable  experiments,  of  which  we  must  now  apeak, 

Eloctric  action  is  accompanied,  in  many  cases,  by 
light  and  a  crackling  sound.     Otto  Guericke '  obsetreg 
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thftt  Ilia  sulphur-giobe,  when  rubbed  in  a  dark  place, 
gave  faint  flaahea,  Btich  as  take  jAaoe  when  sugar  Ja 
cmslied.  And  shortly  rifter,  a  light  was  observed  at 
th(-  eur&ce  of  thu  mercury  in  the  barometer,  when 
nhaken,  which  was  explained  at  first  by  Bernoulli,  on 
th«  tiien  prevalent  Cartesian  principles;  but,  after- 
vanU,  more  truly  by  Hawkt*it»ee,  aa  an  electrical  phe- 
aomeiion.  Wall,  in  1708,  found  sparks  produced  by 
nibbing  amber,  and  Hawkeebee  observed  the  light  and 
the  gnappiriff,  aa  he  odla  it,  under  various  modifications. 
But  the  electric  Hpark  from  a  living  body,  which,  as 
Priestley  says,^  '  makes  a  principal  part  of  the  diver- 
sion of  gentlemen  and  ladieH  who  come  to  see  experi- 
ments in  electricity,'  was  first  observed  by  Dufay  and 
the  Abb£  NoUet  Nollet  says'  he  'shall  never  forget 
the  surprize  which  the  first  electric  spark  ever  drawn 
from  the  human  body  excited,  both  in  M.  I>u&y 
and  in  himself.'  Hie  drawing  of  a  spark  from  the 
hiimun  body  was  practised  in  various  foi-ms,  one  of 
which  was  taniiliarly  known  as  the  '  electrical  kiss.' 
Other  eKhibitious  of  electrical  light  were  the  electrical 
star,  electrical  rain,  and  the  like. 

Aa  electricians  determined  more  exactly  the  condi- 
tions of  electrical  action,  they  succeedi'd  in  rendering 
more  intense  those  sudden  actions  which  the  Bj>ark 
accomjtanies,  aud  thus  produced  the  electric  a/ioek.  This 
was  especially  done  in  the  Lei/den,  pliial.  This  appa- 
latua  received  its  name,  while  tie  discovery  of  its 
property  was  attributed  to  Cunseus,  a  native  of  Leydeu, 
who,  in  174^,  handling  a  vessel  cuntaiuiog  water  in 
□Diikmunication  with  tite  electrical  machine,  and  hap- 
pening thus  to  bring  the  inside  and  the  outside  into 
DonnexioQ.  received  a  sudden  shock  in  his  arms  and 
breast.  It  appears,  however,^  tliat  a  shock  had  been 
received  under  nearly  the  same  circumstances  in  174,^, 
by  Von  Kleiat,  a  OeiTnan  prelate,  at  Camln,  in  Ponic- 
rania.      The  strangeness  of  this  occurrence,  and  the 
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BuddeunesB  of  tbe  blow,  mucli  exaggerated  the  estimate 
which  men  formed  of  its  force.  Muscbenbroek,  after 
taking  one  sltock,  declared  he  would  not  take  a  second 
for  the  kingdom  of  France;  though  Boze,  with  a  more 
magnanimouB  spirit,  wished'  that  he  might  die  bj 
Buch  a  stroke,  and  have  the  circumatances  of  the  ex- 
periment recorded  in  the  Memoira  of  the  Academy. 
But  we  maj  easily  imagine  what  a  new  fame  and 
interest  this  discovery  gave  to  the  subject  of  electricity. 
It  was  repeated  in  all  parts  of  the  world,  with  various 
modilicationB :  oud  the  shock  was  passed  through  a 
line  of  several  pei-soiia  holding  hands;  Nollet,  in  the 
presence  of  the^  king  of  France,  sent  it  through  a 
circle  of  1 80  men  of  the  guards,  and  along  a  line 
of  men  and  wires  of  900  toises;'"  and  experiments 
of  the  same  kind  were  made  in  England,  principally 
onder  the  direction  of  Watson,  on  a  scale  so  large  aa 
to  excite  the  aihniration  of  Muschenbroefc;  who  sajii, 
in  a  letter  to  Watson,  '  Mognificentissimis  tub  experi- 
mentis  superasti  conatiis  omnium.'  The  result  was, 
that  the  transmission  of  electricity  through  a  length  of 
12,000  feet  was,  to  sense,  instantaneous. 

The  essential  circumstanoes  of  the  electric  shock 
were  gradually  unravelled.  Wataon  found  that  it  did 
not  increase  in  proportion  eilJier  to  the  contents  of  the 
phial  or  the  size  of  the  globe  by  which  the  electricity 
was  excited;  that  the  out«ide  coating  of  the  glas 
(which,  in  the  first  form  of  tie  experiment,  was  only  a 
film  of  water,)  and  its  contents,  might  be  varied  in 
different  ways.  To  Fi-anklin  is  due  the  merit  of  clearly 
{xiinting  out  most  of  the  circumstances  on  which  the 
efficacy  of  the  Leyden  phial  de{>endB.  He  showed,  in 
1747,"  that  the  inside  of  the  bottle  is  electrized  posi- 
tively, the  outside  negatively ;  and  that  the  shock  is 
produced  by  the  restoration  of  the  equilibrium,  when 
the  outeide  and  inside  are  brought  into  communica- 
tion suddenly.  But  in  order  to  comjilete  this  discovery, 
it  remained  to  be  shown  that  the  electric  matter  was 
collected  entirely  at  the  surface  of  the  glass,  and  that 
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iliL'  ojjpnidtti  electricities  on  the  two  opposite  sides  of 
tbe  gloia  were  accuiuul*ted  by  theirmutual  attraction. 
Miiunier  the  younger  discovered  that  the  electricity 
which  bodies  can  receive,  depends  upon  their  Riirface 
ratber  tb&u  their  maiis,  and  Franklin  '^  soon  found  that 
'the  whole  force  of  the  bottle,  and  power  of  giving  a 
abode,  is  in  the  glass  it«elf.'  This  they  proved  by 
decanting  the  water  out  of  an  electrized  into  another 
bottle,  when  it  appeared  that  the  second  bottle  did  not 
become  electric,  but  the  first  remained  ao.  Thus  it  was 
found  '  that  the  oon-electrics,  in  contact  with  the  glass, 
Krred  only  to  unite  the  force  of  the  several  parts.' 

So  far  as  the  effect  of  the  coating  of  the  Leyden 
phial  is  concerned,  this  was  satisfactory  and  complete : 
but  Franklin  was  not  equally  suooesaful  in  tracing  the 
KutioD  of  the  electric  matter  upron  iteclf,  in  virtae  of 
which  it  is  accumulated  in  the  phial;  indeed,  he  appears 
to  have  ascribed  the  effect  to  some  property  of  the 
glass.  The  mode  of  describing  this  action  varied, 
accordingly  as  two  electric  ^Mwfe  were  supposed,  (with 
Dufey,)  or  one,  which  was  the  Tiew  taken  by  Franklin. 
On  this  latter  supposition  the  parts  of  the  electric  fluid 
repel  each  other,  and  the  escess  in  one  surlace  of  the 
glass  ex{>els  the  fluid  from  the  other  BurTace.  This 
kind  of  action,  however,  came  into  much  clearer  view 
iu  the  experiments  of  Canton,  Wilcke,  and  ^pinns. 
It  was  princi|ial]y  manifested  in  the  attractions  and 
repulsions  which  objects  eiert  when  they  are  in  the 
neighbourhood  of  electrized  bodies;  or  in  the  eUetrieat 
almoirpheTe,  using  the  phraseology  of  the  time.  At 
present  we  say  that  bodies  are  electrized  by  iiuiuction, 
when  they  are  thus  made  electric  by  the  electric 
attraction  and  repulsion  of  other  bodies.  Canton's 
experiments  were  communicated  to  the  Royal  Society 
in  17531  and  show  that  the  electricity  on  each  body 
acts  ajiou  the  electricity  of  another  body,  at  a  distance, 
with  a  repulsive  energy.  Wiloke,  in  like  maimer, 
fiLowed  that  parts  of  non-electrics,  plunged  in  eleotrtc 
^^finaosnheres,  acquire  an  electricity  opposite  to  that  of 
Hbili  atmospheres.     And  ^pinus  devised  a  method  of 

^^L  "ZMimiT.atet.ia. 
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examining  the  nature  of  the  electrioi^  at  any  part  of 
the  aur&ceof  a  bodj,  by  means  of  which  he  ascertaiutsd 
ita  distribution,  and  found  that  it  Oigreed  with  such  a 
law  of  aelf-repukion.  Uis  attempt  to  give  mathema- 
tical precision  to  this  induction  yraa  one  of  the  most 
important  steps  towards  electrical  theory,  and  must  be 
spoken  of  shortly,  in  that  point  of  view.  But  in  the 
mean  time  we  may  observe,  that  this  doctrine  was 
applied  to  the  explanation  of  the  Leyden  jar;  and  the 
explanation  was  confiimed  by  charging  a  plate  of  air, 
and  obtaining  a  shock  from  it,  in  a  manner  which  the 
theory  pointed  out. 

Before  we  proceeil  to  the  history  of  the  theory,  we 
must  mention  some  other  of  the  laws  of  phenomena 
which  were  noticed,  and  which  theoiy  was  expected  to 
explain.  Among  the  most  celebrated  of  these,  were 
the  effect  of  sharp  [loiutij  in  conductors,  and  the  phe- 
nomena of  electricity  in  the  atmosphere.  The  former 
of  these  circumstances  was  one  of  the  first  which 
Franklin  observed  as  remarkable.  It  was  found  that 
the  points  of  needles  and  the  like  throw  off  and  draw 
off  tjio  electric  virtue ;  thus  a  bodkin,  directed  towards 
an  electrized  ball,  at  six  or  eight  inches  (listance,  de- 
stroyed its  electric  action.  Thelattersubject-involving 
the  consideration  of  thunder  and  lightning,  and  of 
niany  other  meteorological  phenomena,  excited  greftt 
interest.  The  compariaon  of  the  electric  aparh  to 
lightning  had  veiy  early  been  made;  but  it  waa  only 
when  the  discharge  had  been  rendered  more  powerful 
in  the  Leyden  jar,  that  the  comparison  of  the  effects 
became  very  plausible.  Franklin,  about  1750,  had 
offered  a  few  somewhat  vague  conjectures'*  respecting' 
the  existence  of  electricity  in  the  clouds;  but  it  was 
not  till  Wilcke  and  ^pinus  had  obtained  clear  notions 
of  the  effect  of  electric  matter  at  a  distance,  that  the 
real  condition  of  the  clouds  could  be  well  understood. 
In  iJSa,  however,'*  D'Alibard,  and  other  French  phi- 
losophers, were  desirous  of  verifying  Franklin's  con- 
jecture of  the  analogy  of  thunder  and  electricity. 
This  they  did  by  erecting  a  pointed  iron  rod,  forty 
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feet  high,  at  Marli:  the  rod  was  found  capable  of  giving 
oat  electrical  qtarks  when  a  thunder-cloud  passed  over 
the  pl&ce.  This  waa  repeated  in  vorioUB  jiarta  of 
Europe,  and  Fmnklin  suggested  that  ft  commuDication 
with  the  clouds  might  bo  formed  by  means  of  a  kite. 
Bj  theee,  and  similar  means,  the  electricity  of  the 
aonoephere  was  etudied  lij  Canton  in  England,  Mazeas 
in  France,  Beccaria  in  Italy,  and  others  elsewhere. 
These  eseays  soon  led  to  a  fatal  accident,  the  death  of 
Richman  at  Petershurg,  while  he  war,  on  Aug.  6th, 
1753,  observing  the  electricity  collectefl  from  an  &\)- 
proaching  thunder-cloud,  by  means  of  a  rod  which  he 
called  an  electrical  gnomon :  a  globe  of  blue  fire  was 
seen  to  lenpfrom  the  rod  to  theheadof  theunfortimate 
profcsvor,  who  was  thus  struck  dead. 

[ind  Ed.]  [A*  an  important  application  of  the 
diictnnca  of  electricity,  I  may  mention  the  oontrivancea 
employed  to  protect  ships  from  the  effects  of  lightning. 
The  n»e  of  conductors  in  such  cases  is  attended  wi^ 
peculiar  difficulties.  In  1780  the  French  began  to 
turn  their  attention  to  this  subject,  and  Le  Hoi  wag 
Knt  to  Brest  and  the  various  sea-ports  of  France  for 
that  purpose.  Chains  temporarily  applied  in  the  rig- 
ging had  been  previously  suggested,  but  he  endeavoured 
to  place,  he  sava,  such  conductors  in  ships  as  might  ba 
fixed  and  durable.  He  devised  certain  long  linked 
rods,  which  led  from  a  point  in  the  mast-head  along  a 
part  of  the  rigging,  or  in  divided  stages  along  the 
niasts,  and  were  fixed  to  plates  of  metal  in  the  ship's 
nd«s  communicating  with  the  sea.  But  these  were 
either  unable  to  stand  the  working  of  the  rigging,  or 
otherwise  inconvenient,  and  were  finally  abandoned." 
The  oondnctor  commonly  used  in  the  English  navy, 
till  recently,  consisted  of  a  flexible  copper  chain,  tied, 
when  occasion  required,  to  the  mast-head,  and  reach- 
ing down  into  the  sea;  a  contrivance  recommended 
Inr  Dr.  Watson  in  1762.  But  notwithstanding  this 
pavcaution,  the  shipping  suffered  greatly  from  the 
^M&ote  of  lightning. 
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iw  Sir  William  Snow  Harria), 
9  are  noticed  above,  proposed 
to  the  Admiralty,  in  i8ao,  a  plan  vtuch  combiaed 
the  cooditioiiB  of  ship-coaductors,  so  desirable,  yet 
so  difficult  to  secure: — namely,  that  they  should 
be  permaneutiy  fixed,  and  sufficiently  lai-ge,  and  yet 
should  in  no  way  interfere  with  the  motion  of  the 
ri^ug,  or  with  ihe  sliding  masts.  The  method  wUch 
he  ]>ropoaed  was  to  make  the  masts  theniselves  oon- 
ductora  of  electricity,  by  incorporating  with  them,  in 
a  peculiar  way,  two  laminsa  of  aheet-copper,  uniting 
these  with  the  metaUic  maases  in  the  hull  by  other 
lamince,  and  giving  the  whole  a  free  communication 
with  the  sea.  This  method  was  tried  experimentally, 
■  both  oil  models  and  to  a  large  extent  in  the  navy  itself; 
and  a  Cumniissiou  appointed  to  examine  the  result 
reported  themselves  highly  satisfied  with  Mr.  Harris's 
plan,  and  strongly  recommended  that  it  should  be  fiiUy 
carried  out  in  the  Navy.'*] 

It  ia  not  here  necessary  to  trace  the  study  of  atmo- 
spheric electricity  any  further:  and  we  must  now 
endeavour  to  see  how  these  phenomena  and  laws  of 
phenomena  which  we  have  related,  were  worked  up 
into  consistent  theories;  for  though  many  experiment^ 
observations  and  measures  were  made  after  thia  time, 
they  were  guided  by  the  theory,  and  may  be  considered 
as  having  rather  discharged  the  office  of  confirming 
than  of  suggesting  it. 

We  may  observe  also  that  we  have  now  described 
the  period  of  most  extensive  activity  and  interest  in 
electrical  researches.  These  naturally  occurred  while 
the  general  notions  and  laws  of  the  phenomena  were 
becoming,  and  were  not  yet  become,  fixed  and  clear. 
At  such  a  period.a  large  and  popular  circle  of  spectators 
and  amateurs  feel  themselves  nearly  upon  a  level,  in 
the  value  of  their  trials  and  speculations,  with  more 
profound  thinkers;  at  a  later  period,  when  the  subject 
is  become  a  science,  that  is,  a  study  in  which  all  must 
be  left  far  behind  who  do  not  come  to  it  with  disci- 
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plined,  informed,  and  logical  niinds,  tlie  cultivatoi-s 
»fe  far  more  few,  and  the  about  of  ttjfjilause  less  tiimiil- 
toous  and  leas  loud.  We  may  add,  too,  that  the  experi- 
ment^ which  are  the  most  striking  to  the  seasea,  lose 
much  of  their  impressiveneBS  with  their  novelty, 
El«tricity,  to  be  nciw  studied  rightly,  must  be  reasoned 
upon  nuLtliem&tic&Uyi  how  slowly  such  a  mode  of  study 
makes  ite  way,  we  khall  see  in  the  progress  of  the 
theory,  which  we  must  now  proceed  to  n&rrate. 

[and  Ed.1  [A  new  mode  of  producing  electricity 
has  excited  much  notice  lately.  In  October,  1840, 
one  of  the  workmen  iu  attt^ndance  upon  a  boiler 
belonging  to  the  Newcastle  and  Durham  Kailway, 
reported  that  the  boiler  was  full  of  fire;  the  fact  being, 
that  when  he  placed  his  hand  near  it  an  electrical 
spark  was  given  out.  Tliis  drew  the  attention  of  Air. 
Armstrong  and  Mr.  FattiuHon,  who  made  the  circum- 
Btance  publicly  known.''  Mr.  Armstrong  pursued  the 
inveatigalion  with  great  zeal,  and  after  various  con- 
jecture* was  able  to  announce''^  that  the  electricity 
was  excittid  at  the  point  where  the  steam  is  subject 
to  friction  in  it»  emisBion,  He  found  too  that  he 
could  produce  a  like  effect  by  the  emi£aion  of  oon- 
denaed  air.  Following  out  his  views,  he  was  able  to 
construct,  for  the  Polytechnic  Institution  in  Loudon, 
a  '  Hydro-electric  Machine,'  of  greater  jiower  than  any 
electrical  machine  previously  made.  Dr.  Faraday 
took  up  the  investigation  as  tlie  subject  of  the  Eligh- 
t«enth  Series  of  his  Reaeardiea,  sent  to  the  Koyal 
Society,  Jan.  16,  iS^a;  and  iu  tliia  he  illustrated,  with 
his  usual  oommtind  uf  copious  and  luminous  experi- 
menta,  a  like  view ; — that  the  electricity  is  produced 
by  the  frictiou  of  the  particles  of  the  water  carried 
along  by  the  stream.  And  thus  this  is  a  new  mani- 
festation of  that  electricity,  which,  to  distinguish  it 
from  voltaic  electricity,  ia  sometimes  called  FrieUon 
SleetricUy  or  Machine  Electricity.  Dr.  Faraday  has, 
however,  in  the  course  of  this  investigation,  brought 
to  light  several  new  electrical  relations  of  bodies.] 

<J  PMl.  Mag.  Ocl.  1840. 
»  Fm.  Mag.  Ito.  iB4i.diIs(II>M.e,  1841. 


CHAPTER  11. 

!  PnoGREsa  OF  Electrical  Theory. 


THE  cause  of  electrical  phecomena,  aud  tlie  mode 
of  ita  operation,  were  naturally  at  first  s{K)ken  of 
in  an  indktinct  and  wavering  manner.  It  was  called 
the  electric  jtre,  the  electric  ^ittii;  its  effects  were  at- 
tributed to  virliiM,  tffluvia,  atmoaphsrea.  When  men's 
mechanical  ideas  became  aomewhat  more  distinct,  the 
motions  and  tendencies  to  motion  were  ascribed  to 
currents,  in  the  same  manner  as  the  cosraical  motiona 
had  been  in  the  Cartesian,  system.  This  doctrine  of 
currents  wus  maintained  by  Nollet,  who  aacribed  all 
the  phenomena  of  electrized  bodies  to  the  contempo- 
raneous afBux  and  efflux  of  electrical  matter.  It  waa 
an  important  step  towards  sound  theory,  to  get  rid  ot 
this  nation  of  moving  fluids,  and  to  consider  attraction 
and  repulsion  ad  statical  forces ;  and  this  appears  to 
have  been  done  by  others  about  the  same  time.  Dufay* 
considered  that  he  had  proved  the  exiateuce  of  two 
electricities,  the  vitreous  and  the  resinous,  and  con- 
ceived each  of  these  to  be  a  fluid  which  repelled  Its 
own  parts  and  attracted  those  of  the  other;  this  is,  in 
fact,  the  outline  of  the  theory  which  recently  has  f>eeit 
considered  as  the  best  established ;  hut  from  various 
causes  it  was  not  at  once,  or  at  least,  not  generally 
adopted.  The  hypothesis  of  the  excess  and  dtfect  of 
a  single  fluid  is  capable  of  being  so  treated  as  to  give 
the  same  results  with  the  hypothesis  of  two  opposite 
fluids,  and  happened  to  obtajn  the  preference  for  some 
time.  We  have  olreaily  seen  that  this  hypothesis, 
according  to  which  electric  phenomena  arose  from  the 
excess  and  defect  of  a  generally  diffused  fluid,  sug- 
gested itself  to  Watson  and  Franklin  about  1747. 
Watson  found  that  when  an  electric  body  was  excited, 
the  electricity  was  not  created,  but  collected ;  and 
Fmnklin  held,  that  when  the  Leyden  jar  wae  chargei^ 
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the  qiumtity  of  electricity  was  unaltered,  tliough  its 
tlistribution  irae  chtitiged.  Syramer*  maiutoiiieil  the 
exietence  of  two  fiuids ;  and  Cigna  supplied  the  main 
defect  which  belonged  to  this  tenet  lu  the  way  in 
whid)  I>tifay  Keld  it,  by  sbowiag  that  the  two  opposite 
flectricities  were  usually  produced  at  the  same  time. 
Still  the  Appareot  simplicity  of  the  hypothesis  of  one 
fluid  procured  it  many  supporters.  It  was  that  which 
Franklin  adopted,  iu  his  explanation  of  the  Leydcn 
experiment;  and  though,  after  the  first  conception 
of  an  electrical  charge  as  a  disturbance  of  equi- 
librium, there  was  nothing  in  the  development  or 
details  of  Franklin's  views  wliich  deserved  to  win  for 
them  any  peculiar  authority,  his  reputulion,  and  his 
skill  as  a  writer,  gave  a  considerable  influence  to  his 
opinions.  Indeed,  for  a  time  he  was  considered,  over  a 
large  port  of  Europe,  as  the  creator  of  the  science,  and 
the  term^  Franhlinism,  FrarMinigt,  Franklinian  sya- 
Itia,  occur  in  almost  every  page  of  continental  publi- 
cftUons  on  the  enbject.  Yet  the  electrical  pheno- 
mena to  the  knowledge  of  whicli  Franklin  a<ldcd 
least,  those  of  induction,  were  those  by  which  the 
progrcaB  of  the  theory  was  most  promoted.  These,  as 
we  have  already  said,  were  at  first  explained  by  the 
hypothesis  of  electrical  atmospheres.  Lord  Mahon 
wrote  a  treatise,  in  which  this  hypothesis  was  nuithe- 
matdcally  treated ;  yet  the  hypothesis  was  very  unte- 
nable, for  it  would  not  account  for  the  most  obvious 
cases  of  induction,  such  as  the  Leyden  jar,  except  the 
atmosphere  was  supjwsed  to  penetrate  glass. 

The  phenomena  of  electricity  by  induction,  when 
fitirly  considered  by  a  person  of  clear  notions  of  the 
relations  of  space  and  force,  were  seen  to  accommodate 
themselvea  very  generally  to  the  conception  introduced 
by  Dufay,-*  of  two  electricities  each  repelling  itself 
Kaiid  attracting  the  other.  If  we  suppose  that  there  is 
e  fluid,  which  repels  itself  and  attracts  all  other 
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resulbi  aa  if  we  suppose  two  fluids;  thus,  if  an  elec- 
trized  body,  oviircharged  with  the  single  fluid,  act  upon 
a  ball,  it  drives  the  electric  fluid  in  the  ball  to  the  fur- 
ther side  by  its  repulsion,  and  then  attracts  the  ball 
by  attracting  tlie  matter  of  the  ball  more  than  it  repels 
the  fluid  which  is  upon  the  ball.  If  we  suppose  two 
fluids,  the  positively  electrized  body  draws  the  negative 
fluid  to  the  nearer  side  of  the  ball,  repels  the  positive 
fluid  to  the  opposite  side,  and  attracts  the  ball  on  the 
whole,  because  the  attrsct«d  fluid  is  nearer  than  that 
which  ia  repelled.  The  verification  of  either  of  these 
hyyiotheses,  and  tlie  determination  of  ttieir  details,  de- 
pended uectisBarily  upon  experiment  uiul  calculation.  It 
was  under  the  hypothesis  of  a  single  fluid  that  this  trial 
was  first  projierly  made.  ./Spinua  of  Petersburg  pub- 
lished, in  1759,  his  Tenlamen  T/iecn-itB  EleclricUatia  et 
Magnetiemi;  in  which  he  traces  mathematically  the  con- 
sequences of  the  hypothesis  of  an  electric  fluid,  attract- 
ing all  otlier  matter,  but  repelling  itself;  the  law  of 
force  of  this  repulsion  and  attraction  he  did  not  pretend 
to  assign  precisely,  confining  himself  to  the  suppoeitioa 
that  the  mutual  force  of  the  particles  incresaes  as  the 
distance  decreases.  But  it  was  tbund,  that  in  order  to 
make  this  theory  tenable-,  an  additional  supposition  was 
required,  namely,  that  the  jtarticles  of  bodies  repel  each 
other  Bs  much  as  they  attnict  the  electric  fluid.'  For 
if  two  liodies,  A  and  B,  be  in  their  natural  electrical 
condition,  they  neither  attract  nor  repel  each  other. 
Now,  in  this  ease,  the  fluid  in  A  attracts  the  matter 
ia  B  and  repels  the  fluid  in  B  with  equal  energy,  and 
thus  no  tendency  to  motion  results  from  the  fluid  in 
A ;  and  if  we  further  suppose  that  the  t/iat(er  in  A 
attracts  the  fluid  in  B  and  rep«la  l/ie  ttutUer  in  B  with 
equal  energy,  we  have  the  resulting  mutual  inactivity 
of  the  two  bodies  explained;  but  without  the  latter 
supposition,  there  would  be  a  mutual  attraction:  or 
we  may  put  the  truth  more  simply  thus  ;  two  nega- 
tively electrized  bodies  repel  each  other;  if  negative 
electrization  were  mei-ely  the  abstraction  of  the  fluid 
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1  the  repulsive  elemeal.  this  result  could  not 
fiillow  exoept  there  were  a  repnlaioD  in  the  botliea 
themselvea,  independent  of  the  fluid.  And  thna 
^pinns  found  himself  compelled  to  assume  this  ma- 
lual  repulaion.  of  inateriai  portiolea;  he  knd,  in  &ct, 
the  alternative  of  tliis  supposition,  or  that  of  two 
fluids,  to  choose  between,  for  the  matbematical  results 
of  both  h^rpothesea  are  the  same.  Wilcke,  a  Bwede, 
who  hitd  at  first  naserted  and  worked  out  the  .^piniaD 
theoiy  in  its  original  form,  afterwards  inclined  to  the 
opinion  of  Symmor;  and  Coulomb,  when,  at  a  later 
period,  he  confirmed  the  theory  by  hia  experiments 
and  determined  the  law  of  force,  did  not  hesitate  to 
jirefer*  the  theory  of  two  fluids,  '  because,'  he  saya,  '  it 
appears  to  me  contradictory  to  admit  at  the  same  time, 
in  the  particles  of  bodies,  an  attractive  force  in  the 
inverse  ratio  of  the  squares  of  the  distances,  which  is 
demonstrated  by  universai  gravitation,  and  a  repulsive 
force  in  the  same  inverse  ntio  of  the  squares  of  the 
distances;  a  force  which  would  oecesaarily  be  infinitely 
great  relatively  to  the  action  of  gravitation,'  We  may 
add,  that  by  forcing  us  upon  this  doctrine  of  the  uni- 
veraal  repulsion  of  matter,  the  theory  of  a  single  fluid 
tieems  quite  to  lose  that  superiority  in  the  way  of  siin- 
]>licity  which  had  originally  been  Its  principal  recom- 
mendation. 

The  mathematical  results  of  the  supposition  of 
^pinus,  which  are,  as  Coulomb  observes,'  the  same  as 
of  that  of  the  two  fluids,  wore  traced  by  the  author 
himself,  in  the  work  referred  to,  and  shown  to  agree,  in 
a  great  number  of  casi^,  with  the  observed  iacta  of 
electrical  induction,  attraction,  and  repulsion.  Appft- 
rently  this  work  did  not  make  its  way  veiy  rapidly 
through  Europe;  for  in  177  i,  Henry  Cavendish  stated^ 
the  same  hypotheaia  in  a  pa{)er  read  before  the  Koyal 
(Society;  which  he  prefaces  by  saying,  'Since  I  first 
wroto  the  following  paper,  I  find  that  this  way  of 
accounting  for  the  phenomena  of  electricity  is  not  new. 
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^pinns,  in  liis  TerUameii  TheoriiF.  Eleclricitatia  el  Mag- 
netimm,  haa  made  use  of  the  same  or  nearly  the  same 
hypotheaia  that  I  have;  and  the  conclusions  lie  draws 
from  it  agrn«  nearly  with  mine  as  &r  us  he  goes.' 

The  confirmation  of  the  theory  wua,  of  course,  to  be 
foiuid  in  the  agreement  of  its  results  with  experiment ; 
and  in  paxticular,  iu  the  facte  of  electrical  iuduction, 
attraction,  and  repulsion,  which  suggested  the  theory. 
jEpinns  showed  that  such  a  confiiination  appeared  ia 
a  number  of  the  most  obvious  cases;  aud  t«  these. 
Cavendish  added  others,  which,  though  not  obvious, 
were  of  auuh  a  nature  that  tlie  calculations,  in  general 
difficult  or  impoaaible,  could  in  tJieae  instances  be  easily 
performed;  as,  for  example,  cases  in  which  there  are 
platen  or  globes  at  the  two  extreniitiea  of  a  long  wire. 
In  all  these  cases  of  electrical  action,  the  theory  was 
justified.  But  in  order  to  give  it  full  confirmation,  it 
WHS  to  he  considered  whether  any  other  &cts,  not  imme- 
diately assumed  in  the  foundutiou  of  the  theory,  were 
explained  by  it;  a  circumstance  whic^,  as  we  have 
seen,  gave  the  final  stamp  of  truth  to  the  theories  of 
astronomy  and  optics.  Now  we  appear  to  have  such 
oonfirmatioo,  in  ^e  effect  of  points,  and  in  the  pheno- 
mena of  the  electrical  discharge.  The  theory  of  neither 
of  these  was  fully  understood  by  Cavendish,  hut  he 
made  an  approach  to  the  true  view  of  them.  If  one 
part  of  a  condncting  body  be  a  sjihore  of  small  radius, 
the  electric  fluid  upon  tlie  surface  of  this  sphere  will, 
it  appears  by  calculation,  he  more  dense,  and  tend  to 
escape  more  energetically,  in  proportion  as  the  radius 
of  the  sphere  is  siaaller;  aud,  therefore,  if  we  consider 
a  ]K>int  as  part  of  the  surface  of  a  sphere  of  impet^ 
oeptible  radius,  it  follows  from  the  theory  that  the 
effort  of  the  fluid  to  escape  at  that  place  will  he  enor- 
mous ;  BO  that  it  may  easily  be  supposed  to  ovel'come 
the  resisting  causes.  And  the  discharge  may  be  ex- 
plained in  nearly  the  same  manner;  for  when  a  con- 
ductor is  brought  nearer  and  nearer  to  an  electrised 
body,  the  opposite  electricity  is  more  and  more  accu- 
mulated by  attraction  on  tlie  side  next  to  the  electrized 
body;  its  tension  becomes  greater  by  the  increase  of  its 
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mtity  and  the  diminution  of  the  distance,  and  at 
'  t  ia  too  strong  to  be  contained,  aud  leaps  out  ia 
tlie  form  of  a  ajiark. 

The  light,  sound,  and  mechanical  effects  produced 
Li;  the  electric  discharge,  made  the  electric ^ui(^  to  he- 
not  merely  considered  aa  a  mathematical  hypothesis, 
useful  for  reducing  phenomena  to  formulte  (as  for  a 
long  time  the  magnetic  fluid  was),  but  caused  it  to  be 
at  ouoe  and  univenally  accepted  as  a  physical  reality, 
of  which  wo  learn  the  existence  hy  the  uonimon  use 
of  the  aenscs,  and  of  which  menaures  and  calculations 
are  only  wanted  to  teach  ua  the  lawa 

Tbe  applications  of  the  theory  of  electricity  which  I 
have  principally  conaiderod  above,  are  those  which 
belong  to  oouductors,  in  which  the  electric  fluid  is 
perfectly  moveable,  and  can  take  that  distribution 
which  the  forces  require.  In  non-conducting  or  electric 
liodieB,  the  conditions  to  which  the  fluid  is  subject  are 
less  easy  to  determine ;  but  by  aup[)osing  that  the  duid 
moves  with  great  difiic\dty  among  the  particles  of  such 
l-odiea, — that  nevertheless  it  may  be  dislodged  and 
accumulated  in  parts  of  the  surface  of  such  bodies,  by 
friction  and  other  modes  of  excitement;  and  tliat  the 
earth  is  an  inexhaustiblereservoir  of  electric  matter, — 
the  princi|ial  foots  of  excitation  and  the  like  i*cceive  a 
tolerably  Butisfiwtory  explanation. 

Tbe  theory  of  .(EpinuH,  however,  still  required  to 
have  the  law  of  action  of  the  particles  of  the  fluid 
determined.  If  we  were  to  call  to  mind  how  mo- 
mentous au  event  in  physical  astronomy  was  the  deter- 
mination of  the  law  of  the  cosniical  forces,  the  inverse 
square  of  the  distance,  and  were  to  suppose  the  import- 
ance and  difficulty  of  the  analogous  step  in  this  case  to 
bo  of  the  same  kind,  this  would  be  to  mistake  the  con- 
dition of  science  at  that  time.  The  leading  idea,  the 
conception  of  the  possibility  of  explaining  natural  phe- 
nomena by  means  of  tbe  action  of  forces,  on  rigorously 
mechanical  principles,  had  already  been  promulgated 
by  Newton,  and  was,  from  the  first,  seen  to  be  pecu- 
liarly applicable  to  electrical  phenomena;  so  that  the 
very  material  step  of  clearly  proposing  the  problem, 
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often  more  important  than  the  solution  of  it,  h&d 
already  been  made.  Moreocer  the  coufirmntioii  of  the 
truth  of  the  assumed  cause  in  the  aetrononiical  c»se 
depended  on  taking  the  right  law;  but  the  electrical 
'theory  could  bo  confirmed,  in  a  general  manner  at  least, 
without  this  reatriction.  Still  it  was  an  important  dia- 
oovery  that  the  law  of  the  iuverae  square  prevailed  in 
thefie  as  well  as  in  coemical  attractions. 

It  was  impossible  not  to  conjecture  beforehand  that 
it  would  be  eo.  Cavendish  had  professed  in  his  calcu- 
lations not  to  take  the  exponent  of  the  inverse  power, 
on  which  the  force  depended,  to  be  strictly  z,  but  to 
leave  it  indeterminate  between  I  and  3 ;  but  in  hia 
applications  of  his  results,  he  obviously  inclinetj  to  the 
aaanmption  that  it  ia  a.  Experimenters  tried  to  esta- 
blish this  in  various  ways.  Robison,*  in  1769,  hail 
already  proved  that  the  law  of  force  is  very  nearly  or 
exactly  the  inverse  square  ;  and  Mayer"*  had  discovered, 
but  not  published,  the  same  result.  The  clear  and 
Mtisfactory  establishment  of  this  truth  is  due  to 
Coulomb,  and  was  one  of  the  first  stejis  in  his  im- 
portant Berins  of  researches  on  this  snhject.  In  hia 
first  paper"  in  the  MemoirB  of  the  Academy  for  1785, 
he  proves  this  law  for  small  globes;  in  his  second 
Memoir  he  shows  it  to  be  true  for  glolies  one  and  two 
feet  in  diameter.  Hia  invention  of  the  loraiwifbalanee, 
which  measures  very  small  forces  with  great  certainty 
and  exactness,  enabled  him  to  set  this  question  at  re«t 
for  ever. 

The  law  of  force  being  determined  for  the  particles 
of  the  electric  fluid,  it  now  came  to  be  the  business  of 
the  experimenter  and  the  mathematician  to  compare  the 
results  of  the  theory  in  detail  with  those  of  experi- 
mental measures.  Coulomb  undertook  both  portions 
of  the  task.  He  examined  the  electricity  of  portionB 
of  bodies  by  means  of  a  little  disk  (his  ta-nf/ent  plane) 
which  he  applied  to  them  and  then  removed,  and  which 
thus  acted  aa  a  sort  of  electric  lasler.     His  numerical 
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nsailH  (tb*  int«nfiity  h«mg  still  measiuvd  by  tlie 
Iocbmd-WIabw),  are  the  fuDdamrntBl  facte  of  tho  tiiuoiT' 
of  tfai^  electvicft]  doiil.  Without  entering  into  dobut, 
wb  buj  obaerre  that  he  found  the  electricity  to  he 
attbvly  eollect«iJ  at  the  fnrtaoe  of  conductors  (which 
Beoeun  bad  before  shown  to  be  the  cue),  nnii  thnt 
be  exaanneid  and  recorded  the  electric  intonsity  nt 
the  mcr&oe  of  globes,  cylinders,  and  other  oonducting 
bo<liiea,  placed  within  each  other's  influeuco  in  viirioiis 
wayi. 

The  mathematical  calculation  of  the  diatribntion  ot 
two  floids,  all  the  pailiclen  of  which  attract  and  mpel 
each  other  according  to  the  above  law,  was  a  problem 
of  no  omliii&ry  difficulty;  as  may  easily  bo  imagined, 
when  it  is  recollected  that  the  attraction  und  repuUion 
determine  the  distribution,  and  the  distribution  reoi- 
prooiUy  determines  the  attraction  and  repulsion.  The 
problem  was  of  the  game  nature  as  tluit  of  the  flp;iire  of 
the  earth;  and  ita  rigorous  lolution  was  lieyoud  the 
powers  of  the  anaJyais  of  Coulomb's  lime.  He  obtained, 
bowerer,  apjiroximate  solutions  with  niutih  ingenuity; 
for  inatAuce,  in  a  case  in  which  it  was  obvious  that  the 
dectric  tiuid  would  be  most  ticcumulnted  at  and  nenr 
the  equator  of  a  certain  sphere,  lie  calculntuil  the 
action  of  the  sphere  on  two  suppositions :  first,  thnt  the 
fluid  was  all  collected  precinely  at  the  etjuntor;  and 
next,  that  it  was  uniformly  difTuHed  over  the  surfftcc ; 
and  he  then  anumed  the  actual  case  to  be  iDtermodiate 
between  these  two.  By  such  artifices  he  waa  able  to 
■bow  that  the  results  of  his  experiments  and  of  hia 
lations  gave  au  agreement  sufficiently  near  to 
i  him  to  oonaider  tJie  theory  aa  e-itablishod  on  a 
Msis. 

PThua,  St  this  period,  mathematics  wa*  l>eliiiid  exjieri- 

ment ;  and  a  problem  was  projiosed,  in  which  theoretical 
numerical  result*  were  wanted  for  oomparinoii  with 
o)«erviitioo,  but  could  not  be  accurately  obtained ;  aa 
was  tbe  case  in  agronomy  also,  til!  the  tiuie  of  the 
i^iprosimate  solution  of  the  Problem  of  Tliree  Bodies, 
and  the  consequent  fontiation  of  the  Tables  of  the 
MooQ  and  Planets  cm  the  tjiggg  jof  aitivBraftl  gr&Ytlb- 
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Uon.  After  some  time,  electrical  tiieory  was  relieved 
from  this  reproach,  mainly  in  consequence  of  the 
progress  whicli  Batrononiy  had  occaaioned  in  pure 
mathematics.  About  i8ai.  there  appeared  in  the 
BulUtindea  A'cm/icm,"  an  exact  solution  of  the  problem 
of  the  diatributiou  of  electric  fluid  ou  a  spheroid, 
obtained  by  M.  Biot,  by  the  application  of  the  peculiar 
methods  which  Laplace  had  invented  fur  the  problem 
of  the  figure  of  the  planets.  And  In  i8 1 1 ,  M.  Foisson 
applied  Laplace's  artifices  to  the  case  of  two  spheres 
acting  upoa  one  another  in  contact,  a  cose  to  which 
many  of  Coulomb's  esperimenta  were  referrible;  and 
the  agreen\ent  of  the  results  of  theory  and  observation, 
thus  extricated  from  Coulomb's  numbers,  obtained 
above  forty  years  previously,  was  very  striking  and 
convincing.'"  It  followed  also  from  Foisson's  calcula- 
tions, that  when  two  electxiced  spherea  are  brou^t 
near  each  other,  the  accumiUation  of  the  opposite 
electricities  on  their  nearest  points  increases  without 
limit  as  the  spheres  approach  to  contact ;  bo  that  before 
the  contact  takes  place,  the  external  resistance  will  be 
overcome,  and  a  spark  will  pass. 

Though  the  relations  of  non-conductors  to  electricity, 
and  various  other  circumstances,  leave  many  facts  im- 
perfectly explained  by  the  theory,  yet  we  may  venture 
to  say  that,  as  a  theory  which  gives  the  laws  of  the 
phenomena,  and  which  determines  the  distribution  of 
those  elementary  forces,  on  the  sui'&ce  of  electrized 
bodies,  from  which  elementary  forces  (whether  arising 
&om  the  presence  of  a  fluid  or  not,)  the  total  effects 
result,  the  doctrine  of  Dufay  and  Coulomb,  as  deve- 
loped in  the  analysis  of  Foisson,  is  securely  and  perma- 
nently established.  This  part  of  the  subject  has  been 
called  statical  eUetrieity.  In  the  establishment  of  the 
theory  of  this  branch  of  science,  we  must,  I  conceive, 
allow  to  Dufay  more  merit  than  is  generally  ascribed 
to  him ;  since  he  saw  clearly,  and  enunciated  in  a 
manner  which  showed  that  he  duly  appreciated  their 
capital  character,  the  two  chief  principles, — the  con- 


PROGBBSS  OF   ELECTRICAL   THEOIiV, 


^Hbioiis  of  elcctricaJ  attT«ction  tmil  repulsion,  and  the 
I  ippKreiit  existence  of  two  kinds  of  electricity.  His 
views  of  ftttrActiun  arc,  indeed,  piartly  expreased  in 
temia  of  the  Cartesian  hypntbeais  of  Torticea,  then  pre- 
valent ia  France ;  but,  at  the  time  when  he  wrot«,  these 
forms  of  speech  indicated  scarcely  Anything  beaid«s  the 
power  of  attraction.  Franklin's  real  merit  as  a  dis- 
coverer  was,  that  he  was  one  of  the  first  who  diatincUy 
conceived  the  electrical  duuye  an  a  deraugement  of 
n^uilibrium.  The  great  fame  which,  in  hia  day,  he 
enjoyed,  arose  from  the  cleamesa  and  spirit  with  which 
he  uarr»t«d  his  diacoveriea ;  trom  hia  dealing  with  elec- 
tricity in  the  imffosing  form  of  thunder  and  lightning; 
uud  partly,  perhaps,  from  his  chomcter  as  an  American 
and  a  politician;  for  he  was  already,  in  1736,  engaged 
in  public  alGurs  as  clerk  to  the  GenenU  Assembly  of 
I'eansylyania,  though  it  was  not  till  a  Ltt«r  |)criod  of 
his  Life  that  his  aduurere  had  the  occasion  of  saying  of 

Bripoit  Gorlia  falmeu  HceptniraqQG  t/nuiQia; 


.£pii>ua  and  Coulomb  were  two  of  the  most  eminent 
physical  jihilosophers  of  the  laat  ceutury,  and  laboured 
in  the  way  peculiarly  retjuired  by  that  generation; 
who£«  office  it  was  to  examine  the  results,  in  particuiur 
subJMlfl,  of  the  general  couception  of  attraction  and 
repulsion,  as  introduced  by  Kewt«n.  The  reasonings 
of  the  Xewtoniau  period  had,  in  some  meaaure,  antici- 
piited  all  possible  tjicories  resembling  the  electrical  doc- 
trine of  j^pinUB  and  Coulomb ;  and,  on  that  account, 
this  doctrine  could  not  be  introduced  and  confirmed  iu 
a  sudden  and  striking  manner,  so  as  to  make  a  great 
epoch.  Accordingly,  Dufay,8yramer,Walflon,Franl£lin, 
^pinus  and  Coulomb,  have  all  a  shore  in  the  process 
of  induction.  With  reference  to  these  founders  of  the 
theory  of  electricity,  Foisson  holds  the  same  place  which 
Laplace  holda  with  rtference  to  Newton, 

The  reception  of  the  Coulombiau  theory  (so  we  must 
call  it,  for  the  ^jiinian  theor/  implies 
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has  hitherto  not  been  so  general  us  might  have  been 
reasonably  expected  froio  ite  very  beautiful  accordance 
with  the  facta  which  it  contom plates.  This  baa  pAriljr 
been  owing  to  the  extreme  abatmseness  of  the  ni&the- 
toaUcal  reasoning  which  it  employs,  and  which  put  it 
out  of  the  reach  of  most  experimenters  and  writers  of 
works  of  general  circulation.  The  theory  of  *Slpinus 
voa  exphiined  by  Robison  in  tbe  Encydopadia  Britain 
uica;  tbe  analysts  of  PoiBson  has  recently  been  pre- 
sented to  the  public  iu  tbe  Bncydopiaiia  Melropoliiantt, 
but  ie  of  a  kind  not  easily  mastered  even  by  most 
mathematicians.  On  these  accounts  probnbly  it  is, 
that  in  English  compilations  of  science,  we  find,  even 
to  this  day,  tbe  two  theories  of  one  and  of  two  fluids 
stated  as  if  they  were  nearly  on  a  par  in  respect  of 
their  esperimental  evidence.  Still  we  may  say  that 
the  Ooulombian  theory  is  probably  assented  to  by  all 
who  hare  examined  i^  at  least  as  giving  the  laws  of 
phenomena;  and  I  have  not  heard  of  any  denial  of  it 
from  such  a  quarter,  or  of  any  attempt  to  show  it  to  be 
erroneous  by  detailed  and  measured  experiments.  Mr. 
Snow  Harris  has  recently'*  described  some  important 
experiments  and  measures;  but  his  apparatus  was  of 
such  a  kind  that  the  comparison  of  the  results  with 
the  Coulorabian  theory  was  not  easy;  and  indeed  the 
mathematical  problems  which  Mr.  Harris's  combina- 
tions offered,  require  another  Foisson  for  their  solution. 
Still  the  more  obvious  results  are  such  as  agree  with 
the  theory,  even  in  the  cases  in  which  their  author 
considered  them  to  be  inexplicable.  For  example,  he 
found  that  by  doubling  the  quantity  of  electricity  of  a 
conductor,  it  attracted  a  body  with  four  times  the 
force;  but  tbe  body  not  being  insulated,  would  have 
its  electricity  also  doubled  by  induction,  and  thus  the 
fact  was  what  the  theory  required- 

Though  it  is  thus  highly  probable  that  the  Coulombian 
theory  of  electricity  (or  the  j^pinian,  which  is  mathe- 
matically equivalent)  will  stand  as  a  true  representa- 
tioD  of  the  law  of  the  elementary  actions,  we  must 
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P^jiBt  allow  tiiat  it  has  not  received  that  cuiuj'lete  evidence, 
hy  neanB  of  ex])erinienta  liud  calcuiations  added  to 
tfaoee  of  its  fonndera,  which  the  precedents  of  other 
permaneDt  gcienees  have  led  uh  to  look  for.  The  ex- 
periments of  Coulomb,  which  be  nued  in  the  eatublish- 
nient  of  the  theory,  were  not  very  numei'ous,  and  they 
were  limited  to  a  peculiar  form  of  bodies,  namely 
Epheres.  In  order  to  form  the  proper  tequd  to  the 
promulgation  of  this  theory,  to  give  a  full  confirmation, 
And  to  ensure  its  geneo^il  rieeption,  we  ought  to  bare 
experiments  more  numerous  and  more  varied  (such  aa 
tboBe  of  Mr.  Harris  are)  shown  to  agree  in  all  reapectfl 
with  reaultB  calculated  from  the  theory.  This  would, 
aa  we  have  aaid,  be  a  task  of  labour  and  difGcultyj 
but  the  person  who  shall  eieoute  it  will  deserve  to  bo 
considered  as  one  of  the  real  founders  of  the  true 
doctrine  of  electricity.  To  show  that  the  coincidence 
between  tlieory  and  observation,  which  has  already  been 
proved  for  spherical  conduotors,  obtainsalso  for  bodies 
of  other  tbrnia,  will  be  a  step  in  electricity  analogotw 
to  what  was  done  in  astronomy,  when  it  was  shown 
that  the  law  of  gravitation  applied  to  comets  as  well 
as  to  planets. 

But  although  we  consider  tbe  views  of  jEpinus  or 
Coulomb  in  a  very  high  degree  probable  as  a  formal 
theory,  the  question  is  very  ditierent  when  we  come  to 
examine  them  as  a  physieal  tlmory; — that  is,  when  we 
inquire  whether  there  really  is  a  material  electric  fluid 
or  fluids. 

Question  ofOm  or  Tvio  Fluids. — In  tbe  first  place 
as  to  the  question  whether  tbe  fluids  are  one  or  two ; — - 
Coulomb's  introduction  of  the  hypothesis  of  two  fluids 
haa  been  spokunof  aaa  reform  of  the  theory  of  .^pinns; 
it  would  probably  have  been  more  safe  to  have  colled 
his  labours  an  advance  in  tbe  calculation,  and  in  the 
oomparisoD  of  hypothesis  with  eKperiuient,  than  to 
have  used  language  which  implied  that  the  question, 
between  the  rival  hypotheses  of  one  or  two  fluids, 
conld  be  treated  as  settled.  For,  in  reality,  if  we 
assume,  as  .^pinus  does,  the  mutual  repulsion  of  nil 
the  particles  of  matter,  in  addition  to  the  repulsion  of 
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the  particles  of  the  electric  fluid  for  one  another  and 
their  attraction  for  the  particles  of  matter,  the  one 
fluid  of  j^pinua  will  give  exactly  the  same  results  as 
the  two  fluids  of  Coulomb.  The  mathematical  fbrmule 
of  Coulomb  and  of  Poisson  e^preas  the  conditions  of 
the  one  case  as  well  as  of  the  other;  the  interpreta- 
tion only  being  somewhat  difierent.  The  place  of  the 
forces  of  the  resioous  fluid  is  supplied  by  the  excess  of 
the  forces  ascribed  to  the  matter  above  the  forces  of  the 
fluid,  in  the  parts  where  the  electric  fluid  is  deflcient. 

The  obvious  argument  against  this  hypothesis  is, 
that  we  ascribe  to  the  particles  of  matt«r  a  mutual 
repulsion,  in  addition  to  the  mutual  attraction  of 
universal  gravitation,  and  that  this  appears  incon- 
gruous. Accordingly,  .lEpinus  says,  that  when  he  waa 
first  driven  to  this  proposition  it  horrified  him."  But 
we  may  answer  it  in  this  way  very  satisfactorily: — It 
we  suppose  the  mutual  repulsion  of  matter  to  he  some-  ' 
what  less  than  the  mutjial  attraction  of  matter  and 
electric  fluid,  it  will  follow,  as  a  consequence  of  the 
hypothesis,  that  besides  all  obvious  electrical  action,  the 
particles  of  matter  would  attract  each  other  with  forces 
varying  inversely  as  the  square  of  the  distance.  Thus 
gravitation  itself  becomes  an  electrical  phenomenon, 
arising  from  the  residual  excess  of  attraction  over  re- 
pulsion ;  and  the  fact  which  is  ui^ed  against  the  hypo- 
thesis  becomes  a  confirmation  of  it.  By  this  considera- 
tion the  prerogative  of  simplicity  passes  over  to  the 
aide  of  the  hypothesis  of  one  fluid;  and  the  rival  view 
appears  to  lose  at  least  all  its  superiority. 

Veiy  recently,  M.Mosotti'*  has  calculated  the  results 
of  the  .^piuian  theory  in  a  &r  more  complete  manner 
than  had  previously  been  performed;  using  Laplace's 
coefficients,  as  Foissou  had  done  for  the  Coulombian 
theory.  He  flnds  that,  from  the  supposition  of  a  fluid 
and  of  particles  of  matter  exercising  such  forces  as  that 
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theory  uBumes  (with  the  very  ftUawable  addition&l 
■appoeitioD  that  the  particl«e  are  amall  compared  with 
(heir  disUtnc^s),  it  follows  that  the  particles  would 
tssrt  a  furce,  repulsive  at  the  smallest  diatancee,  a 
little  further  on  raniahing,  afterwards  attractive,  and 
at  all  aenaible  distances  attracting  in  proportion  to  the 
inTerae  square  of  tlie  diataiice.  Thus  there  would  be 
a  pcBttion  of  stable  equilibrium  for  the  [lartjclcs  at  a 
very  small  distance  from  eaeh  other,  which  may  be, 
U.  Moeotti  suggests,  that  equilibrium  on  which  their 
physical  structure  dependa  According  to  this  view, 
the  resiBtance  of  bodies  to  compression  and  to  eixtension, 
a«  well  aa  the  phenomeua  of  statical  electricity  and 
the  mutual  gravitation  of  matter,  are  accounted  for  by 
the  laine  hypothesis  of  a  single  fluid  or  ether.  A 
theory  which  offers  a  prospect  of  such  a  generalization  is 
worth  attention;  but  a  very  clear  and  comprehensive 
Tiew  of  the  doctrines  of  several  sciences  is  requisite  to 
prewre  us  to  estimate  its  value  and  probable  success. 

^lettion  of  the  Material  Reality  vf  the  JHeclric 
Fluid. — At  first  sight,  the  beautiful  accordance  of  the 
experiments  with  calculations  founded  upon  the  attrac- 
tioos  and  repulsions  of  the  two  hj^thetical  fluids, 
pemuade  us  that  the  hypothesis  must  be  the  real  state 
of  things.  But  we  have  already  learned  that  we  must 
not  trust  such  evidence  too  readily.  It  is  a  curious 
iuBtance  of  the  mutual  influence  of  the  histories  of  two 
provinces  of  science,  but  I  think  it  will  be  allowed  to 
be  juat,  to  say  that  the  discoveiy  of  the  polarization  of 
heat  has  done  much  to  shake  the  theory  of  the  electric 
fluids  as  a  physical  reahty.  For  the  doctrine  of  a 
material  caloric  appeared  to  be  proved  (from  the  laws  of 
conduction  and  radiation)  by  the  same  kind  of  mathe- 
matical evidence  (the  agreementof  the  laws  respecting 
the  elementary  actions  with  those  of  fluids),  which  we 
have  for  the  doctrine  of  material  electricity.  Yet  we 
now  aeem  to  see  that  heat  cannot  be  matter,  since  its 
taja  have  tides,  in  a  manner  in  which  a  stream  of 
particles  of  matter  cannot  have  sides,  yrithoiit  inad- 
minible  hypotheses.  We  see,  then,  that  it  will  not  be 
contrary  to  precedent,  if  our  electrical  theory,  repre- 
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seating  with  perfect  accui-ocy  the  litws  of  tbe  aotioiia, 
in  all  their  farms,  simple  and  complex,  should  yet  be 
&llacious  OS  a  view  of  the  caiise  of  the  actions. 

Any  true  view  of  electricity  must  include,  or  at  least 
be  oousisteut  with,  the  other  classes  of  the  phenomena, 
as  well  as  this  staticiil  electrical  action ;  such  as  the 
conditions  of  excitation  and  retention  of  electricity; 
to  which  we  may  add,  the  connexion  of  electricity 
with  m^netism  and  with  chemistry; — a  vast  field,  as 
yet  dimly  seen.  Now,  even  with  regard  to  the  simplest 
of  these  questions,  the  cause  of  the  retention  of  electri- 
city at  the  surface  of  bodies,  it  api>earB  to  be  impossiblo 
to  maintain  Coulomb's  opinion,  that  this  is  effected  by 
the  reaistanoe  of  air  to  the  passage  of  electricity.  Tho 
other  quenbious  are  such  ea  Coulomb  did  not  attempt 
to  touch;  they  nsfer,  indeeil,  principally  to  laws  not 
suspected  at  his  time.  How  wide  and  profound  a 
theory  must  be  which  deals  worthily  with  these,  we 
shall  obtain  some  indications  in  the  succeeding  port  of 
our  history. 

But  it  may  be  said  on  the  other  side,  that  we  have 
the  evidence  of  our  senses  for  the  reahty  of  an  electric 
fluid; — we  see  it  in  the  spark;  we  hear  it  in  the 
explosion;  we  feel  it  in  the  shock;  and  it  produoea 
the  effeflts  of  mechanical  violence,  piercing  and  tearing 
the  bodies  through  which  it  passes;.  And  those  wha 
are  disposed  to  assert  a  real  fluid  on  such  grounds, 
may  appear  to  be  justified  in  doing  so,  by  one  of 
Newton's  'Rules  of  Philosophizing,'  in  which  hedirecto 
the  philosopher  to  assume,  in  his  theories,  '  causes 
which  are  true.'  The  usual  interpretation  of  a  'ven 
causa,'  has  been,  that  it  implies  causes  which,  inde- 
pendently of  theoretical  calculations,  are  known  to  exist 
by  their  mechanical  efi'ects;  as  gravity  was  iamiliarly 
known  to  exist  on  the  earth,  before  it  was  extended 
to  the  hciivei'.i  The  electric  fluid  might  seem  to  be 
Buch  a  vera  causa. 

To  this  I  should  venture  to  reply,  that  this  reason- 
ing shows  how  delusive  the  Newtonian  rule,  so  inter- 
preted, may  be.  For  a  moment's  consideration  will 
satisfy  us  that  none  of  the  circumstances,  above  adduced, 
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oin  really  prove  material  ourrente,  ratlier  than  vibnt- 
tiiins,  or  other  modes  of  agency.  The  spark  and  Hhock 
aie  qnitf  InsiiSicient  to  supply  auch  a  proof.  Sound 
is  ribrAtioDS, — light  is  vibrations ;  vibrntions  may 
affect  our  nerves,  aud  may  rend  a  liody,  us  when  gla^sea 
ar«  broken  by  sounds.  Therefore  all  these  supposed 
indications  of  the  reahty  of  the  electric  fluid  are 
utterly  fidlacioua.  In  truth,  this  mode  of  applying 
Kewton's  rule  consists  in  elevating  our  first  rude  and 
unscientific  impr«suons  into  a  supremacy  over  the 
results  of  calculation,  generalization,  and  systematic 
induction.'* 

Thus  our  coDcluBion  with  regard  to  this  subject  is, 
that  if  we  wish  to  form  a  stable  physical  theory  of 
electricity,  we  must  take  into  account,  not  only  the 
laws  of  statical  electricity,  which  we  have  been  chiefly 
conndering,  but  the  laws  of  other  kinds  of  agency, 
different  from  the  electric,  yet  connected  with  it  For 
the  electricity  of  which  we  liave  hitherto  spoken,  and 
which  ia  commonly  escited  by  friction,  is  identical  with 
^vanic  action,  which  is  a  result  of  chemical  combina- 
tions, and  belongs  to  chemical  philosophy.  The  con- 
nexion of  these  different  kinds  of  electricity  with  one 
another  leads  us  into  a  new  domain;  hut  we  must,  in 
the  first  place,  consider  their  mechanical  laws.  We 
now  proceed  to  another  branch  of  the  same  subject, 

H  On  the  lutjNI  of  tbli  Stw-  iBll.  I  UBT  Ketn  Ihert  to  htie 
ImUn  Boll  of  PbUoHphlzJiig.  tpokcn  more  riTourabl/  ot  Ilm 
mt  (tarthu  i'Ml.  Ind.  He.  B.  ili.  Tlinrj  u  ■  Fh;iiioal  Tbtmj  Ibin 
t.  tl,  t  hMB  glTen  u  ■ecODDI  I  hMf  done  bere.  Thlf  diflkrence 
oTtlu  liUlarTmndeTiden»orihe  li  prlDClpsllj  dae  to  acODildfr*- 
rbMTT  of  EltctriellT  In  tlie  }l€-   tion  ot  Iba  prcwnt  upcct  ot  lbs 
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Emm,  nt  b(«reft  fen  maneia  militial 
Per  nuaia  ae  t«mu!  omaeit  supita  qnieicant. 
Nua  to  ml*  pot«s  traDquills  pace  jmue 
Morlnles ;  qnoniuD  belli  fen  mDuen  Mkvoni 
ArmipoWnB  ngit,  in  gremiiua  qui  accpe  taom  M 
Eejicit,  Bternu  devictna  mlnen  Bmorie ; 
Atqae  itn  BDsptciens  tereti  (lerriec  reposta, 
Faacil  ■moie  »vidoB  inhiaiiB  in  te,  Deo,  twiu, 
EqDB  tDo  pendet  nwapini  ipiritiiB  ore. 
Hone  to,  Diva,  tno  recnbsaUm  corpora  suiclo 
CiroBinfuHi  super,  BuaTes  ei  ore  loquelsa 
Fimde,  peteiu  pl&cidam  Romooie,  iiidlnM,  puMm. 

Ldobkt.  L  31. 

0  oharmiiig  OoddSHB,  whose  mjatcrioiiB  mj, 
Th«  nnaeen  boats  of  eartli  and  aky  obe; ; 
To  whom,  thoDgh  cold  and  had  to  all  beudea, 
The  Iron  Qod  bj  strong  affection  glides, 
Flinga  himself  eager  to  tb;  cluse  embrace 
And  beads  hia  bead  to  gue  upon  lb;  face ; 
Do  tboa,  wbaC  time  thy  fundliog  amis  are  throim 
AiDoad  his  form,  and  he  is  all  Ihy  own, 
Do  thoa,  tbj  Borne  to  Btve,  th;  power  to  prore, 
B^  bim  to  groat  a  boon  fui  tby  dear  lov«  ; 
Beg  him  no  more  in  battle-Gelde  to  deal. 
Or  cmsh  the  nationa  with  his  mailed  he«l. 
But,  toncbed  and  acftened  b;  a  north;  flune. 
Quit  Bwotd  and  apear,  and  seek  a  better  buae. 
Bid  him  to  make  all  war  and  aUaghter  cease. 
And  pi;  hia  genuine  t&ak  in  arta  of  peace; 
And  b;  thee  guided  o'er  the  traokleaa  nurse. 
Bear  wealth  and  jo;  to  ocean's  fartheat  Terge. 


DiscovEBY  OF  Laws  of  Maqnetic  Fhekoitkna. 


THE  history  of  Magnetism  is  in  a  great  degree 
aimiliLr  to  tliat  of  Electiicity,  and  many  of  the 
Bame  persons  were  employed  in  the  two  trains  of 
research.  The  general  fact,  that  the  magnet  attracts 
iron,  waa  nearly  al!  that  was  known  to  Uie  ancients, 
and  is  frequently  menlioned  and  referred  to;  for 
instaaoe,  by  Pliny,  who  wonders  and  declaims  concern- 
ing it,  in  his  usual  exaggerated  style.'  The  writers  of 
the  Stationary  Period,  in  this  subject  as  in  others, 
employed  themselvea  in  collecting  and  adorning  a 
number  of  extravagant  tales,  which  the  shghtest  refe- 
raitce  to  experiment  would  have  disproved;  as,  for 
MCsmple,  that  a  magnet  when  it  has  lost  its  virtue,  has 
it  restored  by  goat's  blood.  Gilbert,  whose  work  De 
Magnet*  we  have  already  mentioned,  siwaks  with 
becoming  indignation  and  pity  of  this  bookish  folly, 
and  repeatedly  asserts  the  paramount  value  of  experi- 
tnent&  He  himself  no  doubt,  acted  up  to  his  own 
precepts;  for  his  work  contains  all  the  fundamental 
faela  of  the  science,  so  fully  examined  indoi'd,  that 
even  at  this  day  we  have  little  to  add  to  them.  Thus, 
in  his  first  Book,  the  subjects  of  the  third,  fourth,  and 
fifth  Chapters  are, — that  the  magnet  has  poles, — that 
we  may  call  these  poles  the  north  and  the  aouth  pole, 
— that  in  two  magnete  the  north  pole  of  each  attracts 
the  south  pole  and  repels  the  north  pole  of  the  other. 
This  ia,  indeed,  the  cardinal  hict  on  which  our  genera- 
liiatioDS  rest;  and  the  reader  will  perceive  at  once 
it«  resemblance  to  the  leading  phenomena  of  statical 
electricity. 

But  the  doctrines  of  magnetism,  like  those  of  heat, 
re  au  additional  chum  on  our  notice  from  the  manner 
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in.  which  they  are  eKempIIfied  in  the  globe  of  the 
earth.  The  subject  of  lerreatrial  jnat/netUm  forma  & 
yei7  important  addition  to  the  genenJ  facta  of  mag- 
netic attraction  and  repulsion.  The  property  of 
the  magnet  by  which  it  directs  its  jwlea  exactly  or 
nearly  north  and  south,  when  once  discovered,  was  of 
immense  importance  to  the  mariner.  It  -does  not 
appear  easy  to  trace  with  certainty  the  period  of  this 
discovery.  Passing  over  certain  legends  of  the  Chineae, 
as  at  any  rate  not  bearing  upon  the  progress  of 
European  science,^  the  earliest  notice  of  thjs  property 
appears  to  be  contained  in  the  Poem  of  Guyot  do 
Provence,  who  describes  the  needle  as  being  magnetized, 
-and  then  placed  in  or  on  a  straw,  (boating  on  water, 
as  I  presume:) 
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that  is,  it  turns  towards  the  pole'star.  This  account 
would  make  the  knowledge  of  this  property  in  Europe 
anterior  to  1200.  It  was  afterwards  found^  that  the 
needle  does  not  point  exactly  towards  the  north. 
Gilbert  was  aware  of  this  deviation,  which  ho  calls  the 
variation,  and  also,  that  it  is  difterent  in  different 
places.*  Ho  maintained  on  theoretiod  priuciples  also,* 
that  at  the  same  place  the  variation  is  constant; 
probably  in  his  time  there  were  not  any  recorded 
oliservationa  by  which  the  truth  of  this  assertion  oould 
be  tested;  it  was  afterwards  found  to  be  false.  The 
alteration  of  the  variation  in  proceeding  from  one 
place  to  another  was,  it  will  be  recollected,  one  of  the 
circumstances  which  most  alarmed  the  companions  of 
Columbus  in  1 493.  Gilbert  says,*  '  Other  learned  men 
have,  in  long  navigations,  observed  the  differences  of 
magnetic  variation,  as  Thomas  Hariot,  Robert  Hues, 
Edward  Wright,  Abraham  Kendall,  all  Englishmen: 
others  have  invented  magnetic  instruments  and  con- 
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\  ..uient  niodea  of  observation,  such  aa  are  reqiiiaite  for 
tliose  vrho  take  long  voyages,  as  William  Borough  in 
Ilia  book  coDcemiug  the  vamtion  of  the  compass, 
Wiltiam  Barlo  in  his  supplement,  Williaii] 
his  yew  Attractive.  This  a  that  Robert  Nommn  (a 
good  settTHAa  nni]  an  ingfoiotu  artificer,)  who  first  Am- 
eovered  the  dip  of  magnetic  iron.'  This  important 
iaaeoYerj  -wa^  made'  in  1576.  From  the  time  when 
the  difference  of  the  variation  of  the  compass  in  diffe- 
reat  places  became  known,  it  was  im])ortant  to  mariners 
to  register  the  variation  in  all  pajls  of  the  world. 
H*Ue;  was  appointed  to  the  command  of  a  ship  in  the 
BojnU  Navy  by  the  Government  of  William  and  Mary, 
with  orders  '  to  seek  by  observation  the  discovery  of 
tlieralefor  the  variation  of  the  compass.*  He  publbhed 
Uagnetic  Charts,  which  have  been  since  corrected  and 
improved  by  various  perHona,  The  most  recent  are 
thoaeofMr.  Yataa  in  iSij,  andof  M.  Hansteen.  The 
dip,  as  well  as  the  variation,  was  found  to  be  diiferent 
in  diSerent  places.  M.  Humboldt,  in  the  course  of  his 
travels,  collected  many  ouch  observations.  And  both 
iIm  obaerVHtions  of  variation  and  of  dip  socmed  to 
indicate  that  the  earth,  as  to  its  efi'ect  on  the  magnetic 
needle,  tnity,  approximately  at  least,  be  caUEidere<l  as  & 
iiingnet.  the  jioles  of  which  are  not  far  removed  from 
tlie  eartiru  poles  of  rotatioa  Thuji  we  hare  a  iitagufXic 
cputlar,  in  which  the  needle  has  no  dip,  and  which 
doea  not  deviate  &r  from  the  earth's  equator ;  although, 
fimn  tlie  best  observatious,  it  appears  to  be  by  no 
meaiu  »  regular  circle.  A.ud  the  phenomena,  both  of 
tb«  dip  and  of  the  variation,  in  high  northern  latitudes, 
appear  to  indicate  the  existence  of  a  polo  below  the 
■or&oe  of  tlie  earth  to  the  north  of  Hudson's  Bay.  In 
his  second  reoiarkuble  expedition  into  those  regions, 
OaiAun  Ross  is  supposed  to  have  reached  the  place  ol 
tliis  jiole;  the  dipping-neeille  there  pointing  vei-tii'ally 
downwHids,  and  the  variation-coiniiasa  turning  towards 
tUs  pmnt  in  the  adjacent  regions.     We  shall  hereafter 
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^H  have  to  consider  the   more  complete  and  conaect«d 

^U  views  which  have  been  taken  of  terrestrial  magnetism. 

^M  In  1633,  QeUibmnd  discovered  that  the  variation  is 

^M  not  constant,  as  Gilbert  imagined,  but  that  at  London 

^M  it  had  diminiBhod  from  eleven  degrees  east  in  15B0,  to 

^M  four  degrees  in  1633.     ^ince  that  time  the  variation 

^M  haa  become  more  and  more  westerly;  it  is  now  about 

^M  twenty-five  degrees  west,  and  the  needle  is  supposed  to 

^M  have  begun  to  travel  eastward  again. 

^M  The  next  important  fact  which  appeared  with  resiiect 

^1  to  terrestrial  m^;netism  was,  that  the  position  of  the 

^H  needle  Is  subject  to  a  small  diurnal  variation :  this  was 

^H  discovered  in  1733,  by  Graham,  a  philosojihical  instrn- 

^M  ment-maker,   of  London.      The   daily  variation  was 

^H  established  by  one  thousand  observations  of  Graham, 

^H  and  confirmed  by  four  thousand  more  made  by  Canton, 

^1  and   is   now  considered   to  be   out  of  dispute.      It 

^M  appeared  also,  by  Canton's  researches,  that  the  diurnal 

^M  variation  undei^oesan  annual  inequality,  being  nearly 

^M  a  quarter  of  a  degree  in  June  and  July,  and  only  half 

^M  that  quantity  in  December  and  Januaiy. 

^M  Having  thus  noticed  the  principal  facts  which  belong 

^P  to  terrestrial  magaetiara,  we  must  return  to  the  con- 

sideration of  those  jihenomcna  wliich  gradually  led  to 
a  consistent  magnetic  theory.  Gilbert  observed  that 
both  smelted  iron  and  hammered  iron  have  the  mag- 
netic virtue,  though  in  a  weaker  degree  than  the 
magnet  itself,^  and  he  asserted  distinctly  that  the 
magnet  is  merely  an  ore  of  iron,  (lib.  i.  c.  r6,  Quod 
magnes  et  vena  ferri  idem  sunt.)  He  also  noted  the 
increased  energy  which  magnets  aoquire  by  being 
^L  armed;  that  is,  fitted  with  a  cap  of  polished  iron  at 

^M  each  pole."     But  we  do  not  find  till  a  later  period  any 

^M  notice  of  the  distinction  which  exists  between  the 

^1  magnetical  properties  of  sotl  iron  and  of  hard  steel ; — 

^M  the  latter  being  auBceptiblo  of  being  tbrmed  into  arti- 

^B  fiaial  faagnets,  with  permanent  poles;  while  soft  iron  is 

^P  only  pcusiveli/  magnetic,  receiving  a  temporary  polarity 
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rpifEORY  of  Magnetic  -Icd'oH.— The  assumption  of 
J-  a  fluid,  as  &  mode  of  explaiuing  the  pheuomeua, 
wftH  fiu'  less  obvious  iu  magoetiu  thiut  in  electric  cases, 
yet  it  was  Boon  arrived  at.  After  tbo  usual  philosophy 
of  the  middle  ages,  the  'forma'  of  Aquinas,  the  '  efflux' 
of  Cusanus,  the  '  vapours'  of  Costsus,  and  the  like, 
which  are  recorded  by  Gilbert,^  we  have  his  own 
theory,  which  he  also  expresses  by  ascribing  the  effects 
to  a 'formal  efficiency;' — ^'/orm  of  primary  globes; 
the  proper  entity  and  existence  of  their  homogeneous 
)>artB,  which  we  may  call  a  primary  and  radical  and 
astral ^///t;'— of  which  forma  tliere  is  oue  in  the  sun, 
one  in  the  nioon,  one  in  the  earth,  the  latter  being  ths 
m^^etio  virtue. 

Without  attempting  to  analyse  the  precise  import 
of  these  expressions,  we  may  proceed  to  Ueacartes's 
explanation  of  magnetic  phenomena.  The  mode  in 
which  he  presents  this  subject'  is,  perhuiis,  the  most 
persuasive  of  his  physical  attempts.  K  a  magnet  be 
placed  among  iron  filings,  these  arrange  themselves  in 
curve  lines,  which  proceed  from  one  pole  of  the  magnet 
to  the  other.  It  was  not  diiBcult  to  conceive  these  to 
be  the  traces  of  currents  of  ethereal  matter  which 
circulate  through  the  magnet,  and  whicji  ore  thua  ren- 
dered sensible  even  to  the  eye.  When  phenomena 
could  not  be  cxplaineil  hy  meann  of  one  vortex,  several 
were  introduced.  Thi-ee  Memoirs  on  Magnetism, 
written  on  such  principles,  had  the  prize  adjured'  by 
the  French  Academy  of  Sciences  in  1746. 

But  the  Cartesian  philosophy  gradually  declined; 
and  it  was  not  difficult  to  show  that  the  inagyietio 
curvea,  as  well  as  other  phenomena,  would,  in  &ct, 
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inU  from  tht  attnction  and  repulsion  of  two  polesL 

>  analogy  of  magnetism  with    electricitv  whs  do 

[ong  »D<1  d«ar,  that  BimUar  theories  were  nuturaJlj 

ropci»ed  for  the  two  sets  of  &ct8 ;  the  iliatinctiun  of 

(  into  couiluctors  And  electrics  in  the  one  case, 

x>n(ling  to  tbo  iliBtiuctioo  of  soft  iron  und  hard 

3  their  relations  to  magaetisni.     ^pinus  pub- 

L  tlieoty  of  magnetism  ami  el(<ctricity  at   the 

Rie  (1759);    and  the  former  tht'ory,  like  the 

latter,  explained  the  phenomena  of  the  o[))>oaite  poles 

as  rasults  of  the  exceea  and  defect  of  k  mnguetic  '  fluid.' 

vhich  was  dislodged  and  accumulated  in  t)ie  ends  of 

e  body,  by  the  repulaion  of  its  own  pailicles,  and  by 

M  attiBCtion  of  iron  or  steel,  as  in  the  ca^e  of  induced 

ticity.     The  jEpiniaa  theory  of  magnetism,  as  of 

jicity,  was  recast  by  Coulomb,  and  presented  in  a 

r  shape,  witb  two  fluids  instead  of  one.     But  before 

is  theory  was  reduced  to  calculation,  it  wiut  obviously 

rable,  in  the  firet  place,  to  determine  the  law  of 

111  magnetjc,  ns  in  electric  action,  the  determination 
of  the  law  of  attraction  of  the  particlea  was  utteudeil 
firet  with  some  didiculty,  because  the  action  which 
fioite  magnet  exerts  ia  a  compound  result  of  the 
:tions  and  repulsions  of  many  points.     Newton 
iniagined  the  attractive  force  of  magnetism  to  lie 
_  dy  as  the  cube  of  the  distance ;  but  Mayer  in 

17^0,  and  Lambert  a  few  years  later,  asserted  the  law 
to  be,  in  tiis  as  in  other  forces,  the  inverse  square. 
Coulomb  has  the  merit  of  having  firet  cleat'Iy  confirmed 
this  Iaw,  by  the  use  of  his  torsion -balance,*  He  esta- 
blished, at  the  same  time,  cither  very  important  facts, 
ibr  InstADoe,  'that  the  directive  mitgnetic  force,  which 
the  earth  exerts  upon  a  needle,  is  a  cunattint  quantity, 
pantUel  to  the  magnetic  meridian,  and  jinssing  thi-ough 
the  same  point  of  the  needle  whatever  be  its  position.' 
This  was  the  more  important,  because  it  was  necessary, 
in  the  first  place,  to  allow  for  the  effect  of  the  terres- 
~ '  1  tone,  before  the  mutu^  action  of  the  maguets 
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^B.  could  be  extricated  from  the  phenomena.^     Coulomb 

^H  then  proceeded  to  correct  the  theory  of  magnetism. 

^H  Coulomb's  reform  of  the  ^pinian  theory,  in  the 

^M  case  of  magnetiBm,  as  in  tliat  of  electricity,  siibstituted 

^B  two  fluids  (an  austral  and  a  borval  fluid,)  for  the  single 

^H  fluid;  and  in  this  way  removed  the  necessity  under 

^M  which  ^piuua  found  himself,  of  supposing  &11  the 

^M  particles  of  iron  and  steel  and  other  la&gnotio  bodies 

^1  to  have  a  peculiar  repulsion  for  each  other,  exactly 

^M  equal  to  their  attraction  for  the  magnetic  fluid     But 

^H  iu  the  case  of  magnetism,  another  modification  was 

^1  necessary.     It  was  impossible  to  suppose  here,  aa  in 

^1  the  electrical  phenomena,  that  one  of  the  fluids  was 

^H  accumulated  on  one  extremity  of  a  body,  and  the  other 

^M  fluid  on  the  other  extremity;  for  though  this  might 

^1  appear,  at  first  sight,  to  be  the  case  in  a  magnetic 

^1  needle,  it  was  found  that  when  the  needle  was  cut  into 

^H  two  halves,  the  half  in  which  the  austral  fluid  had 

^P  seemed  to  predominate,  acquired  immediately  a  boreal 

^t  pole  op])osite  to  its  austi-ol  pole,  and  a  simUar  eSecC 

followed  in  the  other  half.  The  same  is  true,  into 
however  many  parts  the  magnetic  body  be  cut.  The 
way  in  which  Coulomb  modified  the  theory  so  as  to 
reconcile  it  with  such  facts,  is  simple  and  satisfactory. 
He  supposes"  the  magnetic  body  to  be  made  up  of 
'  molecules  or  integral  parte,'  or,  as  they  weiu  after- 
wards called  by  M.  Potsson,  '  magnetic  elements.'  In 
each  of  these  elements,  (which  are  extremely  minute,) 
the  fluids  can  be  separated,  so  that  each  element  has 
an  austral  and  a  boreal  pole  ;  but  the  austral  pole  of 
an  element  which  is  adjacent  to  the  boreal  [jole  of  the 
nest,  neutralizes,  or  nearly  neutralizes,  its  efleot;  so 
that  the  sensible  magnetism  appears  only  towards  the 
extremities  of  the  body,  aA  it  would  do  if  the  fluids 
could  permeate  the  body  freely.  We  shall  have  exactly 
the  same  result,  as  to  sensible  ma^etic  force,  on  the 
one  supposition  and  on  the  other,  as  Coulomb  showed.' 
The  theory,  thus  freed  from  manifest  incongrnitiea^ 
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was  to  be  reduced  to  calculation,  anil  comparetl  wkli 
theorj ;  thia  wfia  done  in  Coulomb's  Seventh  Mtmoir,^ 
The  difficallies  of  calculation  in  this,  as  in  the  electric 
problem,  could  not  be  entirely  aurmoiinted  by  the 
ftnolTws  of  Coulomb ;  but  by  various  artifices,  he  ob- 
"'  "  i  theoretically  the  relative  amount  of  magnetism 
■  kt^kI  pointe  of  a  needle,*  and  the  proposition  thnt 
(  directiTO  force  of  the  earth  on  similar  needles 
nted  with  msgnetiam,  was  as  the  cube  of  their 
.   conclusions  which   agreed  with   experi- 


I  The  agreement  thus  obtained  was  sufficient  to  give 
fcgnat  probability  to  the  theory;  but  an  improve- 

nt  of  the  methods  of  calculation,  and  a  repetition 
Vexperiments,  was,  in  this  as  in  other  cases,  desirable, 
■A  oonGrmation  of  the  Uboiirs  of  the  original  theorist. 

ne  ret|uisito8,  in  the  course  of  time,  were  supplied. 

e  reoearohes  of  Laplace  and  Legendre  on  the  figure 
f  the  earth  had  (as  we  have  already  stated,)  intrn- 
boed  8on>e  very  peculiar  analytical  artifices,  applicable 
to  the  attractions  of  spheroids;  and  these  methods 
were  employed  by  M.  Biot  in  1811,  to  show  that  on 
kn  elliptical  spheroid,  the  thickness  of  the  fluid  in  the 
direction  of  the  radius  would  be  as  the  distance  from 
Uko  center. '°  But  the  subject  was  taken  up  in  a  more 
complete  manner  in  1834  by  M.  Poisson,  who  obtained 
ceuer&l  eipreasions  for  the  attractions  or  repulsions  of 
K  body  of  any  form  whatever,  m^netiaed  by  inSuence, 
upon  a  given  point ;  and  in  the  case  of  spherical  bodies 
w»s  able  completely  to  solve  the  equations  which 
determine  these  forces.'^ 

Previously  to  these  theoretical  investigations,  Mr. 
Barlow  had  mude  a  serieB  of  experiments  on  the  efiect 
cf  Ml  iron  sphere  upon  a  compass  needle;  and  had 
obtained  empirical  formulse  for  the  amount  of  the 
deriaition  of  the  needle,  according  to  its  dependence 
npOD  the  position  and  magnitude  of  the  sphere.  He 
Bftetrwards  deduced  the  same  formulEe  from  a  theory 


BuU.daSc.'SoA\. 


iDd  >.  pDbliilied  1816. 


HISTORY   OF   MAOKETISM. 

which  was,  in  tact,  icientical  with  that  of  Coulomb,  but 
which  hti  considered  as  diOerent,  in  that  it  sup- 
posed the  magnetic  fluids  to  be  entirely  collected  ut 
the  Burfiice  of  the  sphere.  He  bad  indeed  found,  by 
experiment,  thtit  the  surface  was  the  only  part  in  which 
there  was  any  sensible  magnetism;  and  that  a  thin 
shell  of  iron  would  produce  the  same  eflect  as  a  solid 
ball  of  the  same  dbimeter. 

But  this  was,  in  fact,  a  most  complete  verification  of 
Coulomb's  theory.  For  though  that  theory  did  not 
suppose  the  magnetism  to  be  collected  solely  at  the 
surface,  aa  Mr.  !&rlow  found  it,  it  followed  from  the 
theory,  that  the  aenaibU  magnetic  intensity  assumed 
the  same  distribution,  (namely,  a  surface  distribution,) 
OB  if  the  fluids  could  permeate  the  whole  body,  instead 
of  the  'magnetic  elements'  only.  Coulomb,  indeed,  had 
not  expressly  noticed  the  result,  that  the  sensible  mag- 
netism would  be  confined  to  the  surface  of  bodies ;  but 
he  had  found  that,  in  a  long  needle,  the  magnetic  flald 
might  be  supposed  to  be  concentrated  very  near  the 
extremities,  just  as  it  is  in  a  long  electric  body.  The 
theoretical  coufirniation  of  this  rule  among  the  other 
consequences  of  the  theory, — that  the  sensible  mag- 
netism would  be  collected  at  the  surface, — waa  one  of 
the  results  of  Foissou's  analysis.  For  it  appeared  that  if 
the  sum  of  the  electric  elements  of  the  body  waa  equal 
to  the  whole  body,  there  would  be  no  difference  be- 
tween the  action  of  a  solid  sphere  and  a  very  thin  shell. 

We  may,  then,  consider  the  Coulombian  theory  to 
be  fully  established  and  verified,  as  a  representation  of 
the  laws  of  magnetical  phenomena.  We  may  add,  as 
»  remarkable  and  valuable  example  of  an  ulterior  step 
in  the  course  of  sciences,  the  application  of  the  laws  of 
the  distribution  of  magnetism  to  the  purposea  of  navi- 
gation, It  had  been  found  that  the  mass  of  iron  which 
exists  in  a  ship  produces  a  deviation  in  the  direction 
of  the  compass-needle,  which  was  termed  'local  attrac- 
tion,' and  which  rendered  the  compass  an  erroneoua 
guide.  Mr.  Barlow  proposed  to  correct  this  by  a  plate 
of  iron  placed  near  the  compass;  the  plate  being  of 
comparatively  small  mass,  but.  In  consequence  of  its 
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^Bxpandefl  form,  &nd  ita  proximity  to  the  needle,  of 
equivalent  effect  to  the  distarbiog  caune. 

[and  Ed.]  [This  projiosed  arrangement  vas  not 
sncoeaeftd,  becauae  as  the  ship  turns  into  difibrent 
poBJtiouB,  tt  may  he  considered  as  revolving  round  a 
verticaJ  axis;  and  as  this  does  not  coincide  with  the 
magnetic  axis,  the  relative  magnetic  position  of  the 
difturbing  parte  of  the  ship,  and  of  the  correcting  plate, 
will  be  altered,  so  that  they  will  not  continue  to  coun- 
teract each  other.  In  high  magnetic  latitudes  the 
correcting  plate  was  used  with  success. 

Bat  when  iron  ships  became  common,  a  correction 
of  the  effect  of  the  iron  upon  the  ship's  compass  iu  the 
general  case  became  neoeasary,  Mr,  Airy  devised  the 
means  of  making  this  correction.  By  placing  a  magnet 
and  a  mass  of  iron  in  certain  positions  relative  to  the 
compass,  the  effect  of  the  rest  of  the  iron  in  the  ship 
is  completely  oountemcted  in  all  posit ioni*.'-] 

But  we  have  still  to  trace  the  progress  of  the  theory 
of  terrestrial  raagnetisra. 

7^eo^o/TemstruilMagnetiam.~~GUherthadhegiia 
a  plausible  conrse  of  speoulation  on  this  point.  '  We 
must  reject,'  he  says,"  'in  the  first  place,  that  vulgar 
oj>inion  of  recent  writers  concerning  magnetic  mcrun- 
tains,  or  a  certain  magnetic  rock,  or  an  imaginary  pole 
at  a  certain  distance  from  the  pole  of  the  earth.'  For 
he  adds,  'we  learn  by  experience,  that  there  is  no  such 
fixed  pole  or  term  in  the  earth  for  the  variation.' 
Gilbert  describes  the  whole  earth  as  a  magnetic  globe, 
and  attributes  the  variation  U>  the  irregular  form  of 
its  protuberances,  the  solid  parts  only  being  magnetic 
It  was  not  easy  to  conBrm  or  refute  this  opinion,  but 
other  hypotheses  were  tried  by  various  writers;  for 
instance,  Halley  had  imagined,  from  the  forms  of  the 
lines  of  equal  variation,  that  there  must  be  tour  mag- 
netic poles;  but  Euler'*  showed  that  the  'Halleian 
lines'  would,  for  the  most  part,  result  from  the  suppo- 
ntion  of  two  magnetic  poles,  and  assigned  their  posi- 
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tion  80  as  to  represent  pretty  well  tlie  known  Btate  of 
the  variation  all  over  the  world  in  1744.  But  tlie 
variation  waa  not  the  only  phenomenon  whioh  required 
to  be  taken  into  account;  the  dip  at  different  places, 
and  also  the  intensity  of  the  force,  were  to  be  con- 
sidered. We  have  ulready  mentioned  M.  de  Huniboldt'a 
collection  of  observations  of  the  dip.  These  Tere 
examined  by  M.  Biot,  with  the  view  of  reducing  them 
to  the  action  of  two  poles  in  the  anpposed  terrestrial 
magnetic  axis.  Having,  at  first,  made  the  diataaee  of 
these  poles  from  the  center  of  the  earth  indefinite,  he 
found  that  his  formulae  agreed  more  and  more  nearly 
with  the  observations,  as  the  poles  were  brought  nearer ; 
and  that  fact  and  theory  coincided  tolerably  well  when 
both  poles  were  at  the  center.  lu  i8og,'*  Krafil  sim- 
plified this  result,  by  showing  that,  on  this  supposition, 
the  tangent  of  the  dip  was  twice  the  tangent  of  the 
latitude  of  the  place  as  measured  from  the  magnetio 
equator.  But  M.  Hansteen,  who  has  devoted  to  the 
subject  of  terrestrial  magnetism  a  great  amount  of 
labour  cuid  skill,  has  shown  that,  taking  together  all 
the  observations  which  we  possess,  we  are  compelled  to 
suppose  four  magnetic  poles ;  two  near  the  north  pole, 
and  two  near  the  south  pole,  of  the  terrestrial  globe; 
and  that  these  poles,  no  two  of  which  are  exactly 
opposite  each  other,  are  all  in  motion,  with  diSerent 
velocitiea,  some  moving  to  the  east,  and  some  to  the 
west.  This  curious  collection  of  facts  awaits  the  hand 
of  future  theorists,  when  the  ripeness  of  time  shall 
invite  them  to  the  ta-sk. 

[and  Ed  ]  [I  had  thus  written  in  the  first  edi- 
tion. The  theorist  who  was  needed  to  reduce  this 
accumulation  of  tacts  to  their  laws,  had  already  laid 
his  powerftil  hand  upon  them;  namely,  M.  Causs,  a 
mathematician  not  inferior  to  any  of  the  great  men 
who  completed  the  theory  of  gravitation.  And  institu- 
tions had  been  established  for  extending  the  collection 
of  the  iacts  pertaining  to  it,  on  a  scale  which  elevates 
Magnetism  into  a  companionship  with  Astronomy. 
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Tt  Hansteen's  MftgnelUmus  dtr  Erde  whs  published 
in  1819.  His  conclusions  reapccliug  the  position  of 
the  four  magnetic  'poles'  exciteil  ao  much  interest  in 
his  own  oonntry,  that  the  Norwegian  Storthing,  or 
parliament,  by  a  unanimons  vote,  provided  funJa  for  a. 
mngnetic  expedition  which  he  was  to  conduct  along 
the  north  of  Europe  and  Asia;  and  this  thej  did  at 
the  very  time  when  they  refused  to  make  a,  gnmt  ta 
the  king  for  building  a  palace  at  Cbrisliania.  The 
expedition  was  made  in  1828-30,  and  verilied  Han- 
steen's anticipations  as  to  the  existence  of  a  re^on  of 
magnetic  convergence  in  Siberia,  which  he  considered 
as  indicating  a  'pole'  to  the  north  of  that  country. 
3L  Ermaji  also  travelled  round  the  cartl)  at  the  same 
time,  making  magnetic  observations. 

Abont  the  same  time  another  mognetical  phenome- 
non attmcted  attention.  Besidea  the  general  motion  of 
the  magnetic  poles,  and  the  diurnal  movements  of  tho 
needle,  it  was  found  that  small  and  irregular  disturb- 
iuice«  take  place  in  its  position,  which  'Hi.  de  Humboldt 
termed  mai/ntlic  Btorma.  And  that  which  exalted  a 
strong  interest  on  thia  subject  was  the  discoveiy  that 
thc«e  magnetic  Btorms,  seen  only  by  philosophers  who 
watch  the  needle  with  microscopic  exactness,  rag© 
simultaneously  over  large  tracts  of  the  surface  of  our 
glob&  This  was  detected  atiout  1825  by  a  comparison 
of  the  observations  of  M.  Arago  at  Paris  with  simul- 
taneous observations  of  M.  Kuptler  at  Kasan  in  Russia, 
distant  more  than  47  degrees  of  longitude. 

At  the  instance  of  M.  de  Humboldt,  the  Imperial 
Academy  of  Russia  adopted  with  zeal  the  prosecutioa 
of  this  inquiry,  and  formed  a  chain  of  magnetic  stations 
across  the  whole  of  tlie  Russian  empire.  Magnetic 
observations  wei-e  established  at  Petersburg  and  at 
Kaaan,  and  corresponding  observations  were  made 
at  Moscow,  at  Nicolaieff  in  the  Crimea,  iind  Bar- 
naoul  and  Nertchiiisk  in  Siberia,  at  Sitka  in  Kussion 
America,  and  even  at  Pekin.  To  these  magnetic 
Ktations  the  Russian  government  atterwurds  added, 
Catharine  burg  in  Russia  Proper,  Helsingfora  in  Fiu- 
land,  Tefltfl  in  Georgia,  A  comparison  of  the  results 
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obtained  tit  font  of  these  stationa  made  by  MM.  de 
Humboldt  and  Dovo,  in  the  year  1830,  shewed  that 
the  magnetic  diaturbances  were  simultaneoua,  and 
were  f»i-  the  most  pamllel  in  their  progress. 

Important  ste{kB  Id  the  prosecution  of  this  subject 
were  hooii  after  made  hy  M.  Oausa,  the  great  mathe- 
matician of  Giittiugeu.  He  coutrived  iuatrumenta  and 
modes  of  observation  far  more  perfect  than  any  before 
employed,  and  organized  a  system  of  comparative 
observations  throughout  Europe.  In  1835,  statiom 
for  this  purpose  were  established  at  Altona,  Augsbiu^, 
Berlin,  Breda,  Breslau,  Copenhagen,  Dublin,  Freiberg, 
Giittingen,  Greenwich,  Hanover,  Leipsic,  Marbur^^ 
Milan,  Munich,  Petersburg,  Stockholm,  and  Upgala. 
At  these  places,  »s  times  in  the  year.  obserratioDB 
were  taken  simultaneously,  at  intervals  of  five  minutes 
for  ^4  hours.  The  SegtiMs  o/tlie  Magnetic  Asaocialion 
(Resultaten  des  Magnetischeu  Yereins)  were  published 
by  MM.  Gauss  and  Weber,  beginning  in  1S36. 

British  physicists  did  not  at  first  take  any  leading 
part  in  these  plana  But  in  1836,  Baron  Humboldt, 
who  by  his  long  labours  and  important  discoveries  in 
this  subject  might  be  considered  aa  peculiarly  entitled 
to  urge  its  claims,  addressed  a  letter  to  the  Duke  of 
Sussex,  then  President  of  the  Koyal  Society,  asking 
for  the  co-operation  of  this  country  in  so  large  and 
hopeful  a  scheme  for  the  promotion  of  science.  The 
Boyal  Society  willingly  entertained  this  appeal ;  and 
the  progress  of  tlie  cause  was  still  fiirther  promoted 
when  it  was  zealously  taken  up  by  the  British  Associa- 
tion for  the  Advancement  of  Science,  assembled  at 
Newcastle  in  1838.  The  Association  there  expressed 
its  strong  interest  in  the  Gierman  system  of  magnetic 
observations;  and  at  the  instigation  of  this  body,  and 
of  the  Royal  Society,  four  eomplete  magnelicul  obser- 
vatories wore  established  by  the  British  government, 
at  Toronto,  St  Helena,  the  Cape  of  Good  Hope,  and 
Van  Diemou'a  Land.  The  munificence  of  the  Duectors 
of  the  East  India  Company  founded  and  furnished  au 
ei.|ual  number  at  tjimla  (in  the  Himalayah),  Madras, 
Bombay,  and  Sincapore.     Sir  Thomas  Brisbane  added 
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Another  »t  his  own  expense  at  Kelso,  in  Scotland. 
Besides  this,  the  goverument  sent  out  a  nnval  expeditioQ 
to  make  discoveries  (magnetic  among  others.)  in  the 
Aotorctic  regions,  under  the  command  of  Sir  James 
Roes.  Other  states  lent  their  afisistouce  also,  and 
founded  or  reorganized  their  magnetic  observatories. 
Besides  those  already  mentioned,  one  was  established  by 
the  French  government  at  Algiers ;  one  by  the  Belgian, 
at  Brnsaela  ;  two  by  Austria,  at  Prague  and  Milan ;  one 
by  PrnsKia,  at  Breelau ;  one  by  Bavaria,  at  Munich ;  one 
by  Spain,  at  Cadiz;  there  are  two  in  the  United  States, 
at  Philadelphia  and  Cambridge ;  one  at  Cairo,  founded 
by  the  Paaha  of  E^ypt ;  and  in  India,  one  at  Trcvan- 
dmm,  established  by  the  Rajah  of  Travancore ;  and  one 
by  the  King  of  Oude,  at  Lucknow.  At  all  these  distant 
sUtiona  the  same  plan  vae  followed  out,  by  observsr- 
tiona  strictlysimultaneoue,  made  according  to  the  same 
mrthoUa,  with  the  same  instrameutal  tneana  Such  a 
sriieine,  combining  world-wide  extent  with  the  single- 
new  of  action  of  an  individual  mind,  is  hitherto  with- 
oirt  pnrallel. 

At  first,  the  British  stations  were  estaiilisliod  for 
three  yeara  only;  bnt  it  was  thouglit  advisable  to 
extend  this  perio<l  three  years  longer,  to  end  in  1845. 
And  when  the  t«rmination  of  that  period  anived,  a 
disenffiion  was  held  among  the  nagneticians  themitelves, 
whether  it  wasbetter  to  continue  the  observations  still, 
c*  to  examine  and  compare  the  vast  mass  of  observa- 
tions already  collected,  so  as  to  see  to  what  results  and 
improvementfl  of  methods  they  pointed.  This  question 
was  argued  at  the  meeting  of  the  British  Association 
at  Cambridge  in  that  year;  and  the  conference  ended 
in  the  magneticians  requesting  to  have  the  observa- 
tions continued,  at  some  of  the  observatories  for  au 
indetinite  period,at  others,  till  the  year  1848.  In  the 
mean  time  the  Antarctic  expedition  had  brought  btkok 
a  rich  store  of  observations,  fitted  to  disclose  the 
ma^etic  oondition  of  those  regions  which  it  had 
explored.  These  were  ditcmsed,  and  their  resulta 
ezhibited,  in  the  PhUnar^'ir.al  Transactimis  for  1843, 
bj  CoL  Sabine,  who  bad  himself  at  various  perloila, 
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matle  maguctic  observations  in  the  Arctic  regions,  and 
in  several  remote  i>art3  of  the  globe,  und  had  alvaya 
been  a  zealous  labourer  in  this  fruitful  field.  Tbe 
general  mass  of  the  observations  was  placed  under  the 
management  of  Profesaor  Llojd,  of  Dublin,  who  has 
enriched  the  science  of  magnetism  with  several  valuable 
instruments  and  methodic,  and  who,  along  with  CoL 
Sabine,  made  a  magnetic  survey  of  the  British  Isles  in 
1835  and  1836. 

I  do  not  dwell  upon  magnetic  surveys  of  varioua 
countries  made  by  niany  excellent  observers;  as  MM. 
Quetelet,  Forbes,  Fox,  Bache  and  others. 

The  faotH  observed  at  each  station  were,  the  ijiieTtaUt/ 
of  the  magnetic  force;  the  declinatiofi  ot  the  needle 
irom  the  meridiiin,  sometimes  called  the  variation ;  and 
its  inelination  to  the  horizon,  or  the  dip; — or  at  least, 
some  elements  equivalent  to  these.  The  values  of 
these  elements  at  any  given  time,  if  known,  can  be 
expressed  by  charts  of  the  earth's  surtace,  on  which 
are  drawn  the  isodi/namic,  itogonal,  and  isoclinal  curves. 
The  second  of  these  kinds  of  charts  contain  the  'Hal- 
leian  lines'  spoken  of  in  a  previous  page.  Moreover 
the  magnetic  elements  at  each  place  are  to  be  observed 
in  such  a  manner  as  to  determine  both  Iheii  periodieai 
variations,  (the  changes  which  occur  in  the  period  of  a 
day,  and  of  a  year,)  the  Mcidar  changes,  as  the  gradual 
increase  or  diminution  of  the  declination  at  the  same 
place  for  many  years;  and  the  irregular  fluctuations 
which,  as  we  have  said,  are  simultaneous  over  a  lai^ 
part,  or  the  whole,  of  the  earth's  surface. 

When  tliese  Facta  have  been  ascertained  over  the 
whole  extent  of  the  earth's  surface,  we  shall  still  have 
to  inquire  what  is  the  Cause  of  the  changes  in  the 
forces  which  these  phenomena  disclose.  But  as  a  basis 
for  all  speculation  on  that  subject,  we  must  know  the 
law  of  the  phenomena,  and  of  the  forces  which  imme- 
diately produce  them.  I  have  already  said  that  £uler 
tried  to  account  for  the  Halleian  lines  by  means  of 
(100  magnetic  '  poles,'  but  that  M,  Hansteen  conceived 
it  necessary  to  assume  /our.  But  an  entirely  new 
light  has  been  thrown  upon  this  subject  by  the  beautiful 
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mTcsti^tioDs  «f  Otuun,  in  kis  Theory  qf  Ttrrtstrial 
Jtaynetitm,  pnbtisWl  in  1839.  He  remarks  that  tUe 
term  *  poles,'  as  used  bj  his  predeceaaors,  iuvolres  aa 
■mumptioD  ubitrary,  and,  as  it  is  now  found,  false; 
nundf ,  tlutt  oertaiu  definite  points,  two,  four,  or  more, 
actiiig  accordiiig  to  the  laws  of  ordinary  magnetical 
poks,  vill  explain  the  phenomena.  He  starts  from  a 
mote  oompr«hensive  assumption,  that  magniitiBm  b 
<liscrib>iit«d  thronghont  the  mass  of  the  earth  in  an 
uaknovD  manner.  On  thi^  assumption  he  obtains  a 
fonctioo  V,  by  the  diSereutials  of  which  tlie  elements 
of  the  magnetic  force  at  any  point  will  be  espreased. 
This  function  V  is  well  known  in  physical  astronomy. 
And  is  obtained  by  summing  all  the  elements  of 
magnetic  forc^  tn  each  particle,  each  multiplied  by  the 
reciprocal  of  its  distance ;  or  as  we  may  express  it,  hy 
taking  the  sum  of  each  element  and  its  proximity 
jointly.  Hence  it  has  been  proposed'*  to  term  this 
fimction  the  '  inUgrai  yroJWitty  of  the  attracting 
maie.'^  By  nsing  the  most  refined  mathematical 
utifice«  for  deducing  the  values  of  I'  and  its  difie- 
rentials  in  converging  series,  he  is  able  to  derive  the 
coefficients  of  these  series  from  the  observed  magnetic 
dements  at  certain  places,  and  hence,  to  calouliite 
them  for  all  places.  The  comparison  of  the  calculation 
with  the  observed  results  is,  of  course,  the  teet  of  the 
truth  of  the  theory. 
The  d^ree  of  convergence  of  the  series  depends 
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upon  the  unknown  diitribution  of  magnetism  wltluD 
the  earth.  '  If  we  could  venture  to  asaume,'  aaji 
M.  Oausa,  '  that  the  mombere  have  a  sensible  influence 
oalj  as  fiir  as  the  fourth  order,  com{jlete  observationt 
&0U1  eight  points  would  be  sufficient,  theoretically 
considered,  for  the  determination  of  the  coefficients. 
And  under  certain  limitations,  miikiug  this  assump- 
tion, as  the  best  we  can  do  at  present.,  M.  Gausi 
obtains  from  eight  places,  34  coefficients  (each  plac« 
Buppljing  three  elements),  and  hence  calculates  the 
magnetic  elemeuts  (intensity,  variation  and  dip)  at  91 
places  in  all  parts  of  the  earth.  He  finds  his  calcula- 
tions approach  the  obaerved  values  with  a  degree  ol 
exactness  which  appears  to  be  quite  couvlnciug  as  tc 
the  general  truth  of  his  results;  especially  taking 
into  account  how  entirely  unlimited  is  his  original 
hypothesis. 

It  is  one  of  the  raost  curious  results  of  this  investi- 
gation that  according  to  the  moRt  simple  meaning 
which  we  can  give  to  the  term  '  pole,'  the  earth  hai 
only  t%oo  magnetic  poles;  that  is,  two  points  where  th( 
direction  of  the  magnetic  force  is  vertical  And  thui 
the  iaogonal  curves  may  be  looked  upon  as  defmtnaiioTU 
of  the  curves  deduced  by  Euler  from  the  supposition 
of  two  poles,  the  deformation  arising  from  this,  thai 
the  earUt  does  not  contain  a  single  definite  magnet 
but  irregularly  difinaed  mognetical  elements,  whiob 
still  have  collectively  a  distant  reseniblanue  to  a  single 
magnet  And  instead  of  Hansteen's  Siberian  pole, 
we  have  a  Siberian  region  in  which  the  needles  con. 
verge;  but  if  tlie  apparent  convergence  be  pursued  it 
nowhere  comes  to  a  point;  and  the  like  is  the  case  in 
the  Antarctic  region.  When  the  34  Gaussian  elemeute 
at  any  time  are  known  the  magnetic  condition  of  the 
globe  is  known,  just  as  the  mechauioal  condition  oJ 
the  solar  system  is  known,  when  we  know  the  elements 
of  the  orbits  of  the  satellites  and  planets  and  the  mnsf 
of  each.  And  the  comparison  of  this  magnetic  condi- 
tion of  the  globe  at  distant  periods  of  time  cannot  faj] 
to  supply  materials  for  future  roaearchea  and  specula- 
tions with  i-cgard  to  the  agencies  by  which  the  oondi- 
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ion  of  the  earth  is  determined.  The  condition  of 
which  we  here  speak  tniist  tieoessarily  be  ita  mteJumiat- 
thameai  condition,  being  expressed,  as  it  will  be,  in 
tenofl  of  the  tnechanico-cheniica]  scicnoea.  The  inres- 
tigstioDB  I  have  been  describing  belong  to  the  inecha- 
' 'al  mde  of  the  sabject :  but  when  philosophers  hare 

d  eansider  the  caoses  of  the  secular  chniiges  whicli  are 
occur  in  this  mechanical  condition,  they 
mot  Iktl  to  be  driven  to  electrical,  thut  in,  chemical 
■gmidea  and  laws. 

I  can  oulir  allude  to  Oanss's  investigatioDB  respecting 
the  Absolute  Measure  of  the  Earth's  Mngnetic  Force. 
To  determine  the  ratio  of  the  mngnetic  force  of  the 
earth  to  that  of  a  known  magnet,  Poisson  proposed  to 
obeerve  the  time  of  vibration  of  a  second  magnet.  The 
method  of  Gausa,  now  uniTersaUy  adopted,  consists  in 
ubserviag  the  position  of  equilibrium  of  the  second 
magnet  when  deflected  by  the  first. 

The  manner  in  which  the  buaiaesa  of  magnetic 
observation  has  been  taken  up  by  the  government* 
of  oar  time  makes  this  by  far  the  greatest  scientifio 
nndertaking  which  the  world  has  ever  seen.  The  result 
will  be  that  we  shall  obtain  in  a  few  years  a  know- 
ledge of  the  magnetic  constitution  of  the  earth  which 
otherwise  it  might  have  required  centuries  to  accumu- 
lat«.  The  secuhir  magnetic  changes  must  still  require 
a  long  time  to  reduce  to  their  laws  of  phenomena, 
except  observation  be  anticipated  or  assisted  by  some 
happy  discovery  as  to  the  causes  of  these  changes.  But 
besides  the  npecinl  gain  to  magnetic  science  by  this 
great  plan  of  joint  action  among  the  nations  of  the 
earth,  there  is  thereby  a  beginning  made  in  the  reco- 
gnition and  execution  of  the  duty  of  forwarding  Ecience 
in  general  by  national  exertions.  For  at  most  of  the 
magnetic  observations,  meteorological  observations  are 
also  carried  on ;  and  such  observations,  being  far  more 
extensive,  systematic,  and  permanent  than  those  which 
have  usually  been  made,  can  hardly  fail  to  produce 
important  additions  to  science.  But  at  any  rate  they 
do  for  science  that  which  nations  can  do,  and  individuals 
cannot ;  and  they  seek  for  scientific  truths  iu  a  manner 
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Buitable  to  the  respect  now  professed  for  science  and  to 
the  progresa  which  its  methods  hare  made.  Nor  are 
we  to  overlook  the  effect  of  such  ohserrations  as  means 
of  training  men  in  the  pursuit  of  science.  '  There  is 
amongst  ns,'  says  one  of  the  magnetic  observers,  '  a 
growing  recognition  of  the  ini|>ortanoe,  both  lor  science 
and  for  practical  life,  of  forming  exact  observere  of 
nature.  Hitherto  astronomj  alone  has  afforded  a 
very  partial  opportunity  for  the  formation  of  fine 
observers,  of  which  few  could  avail  themselves.  Expe- 
rience has  shown  that  magnetic  observations  may  serve 
as  excellent  training  Bcboola  in  this  respect.' '"] 

The  various  other  circumstances  which  terrestrial 
magnetism  exhibits, — the  diurnal  and  annual  changes 
of  the  position  of  the  compass-needle; — the  larger 
secular  change  which  affects  it  in  the  course  of  years; — 
the  difference  of  intensity  at  different  placca,  and  other 
facts,  have  naturally  occupied  philosophers  with  the 
attempt  to  determine,  both  the  laws  of  the  phenomena 
and  their  causes.  But  these  attempts  necessarily 
depend,  not  upon  laws  of  statical  magnetism,  such  as 
they  have  been  explained  above ;  but  upon  the  laws  by 
which  the  production  and  Intensity  of  magnetism  in 
difierent  cases  are  regulated; — laws  which  belong  to  a 
difl'erent  province,  and  are  related  to  a  different  set  of 
principles.  Thus,  for  example,  we  have  not  attempted 
to  explain  the  discovery  of  tlie  laws  by  which  heat 
influences  magnetism;  and  therefore  we  cannot  now 
give  an  account  of  those  theories  of  the  facta  relating 
to  terrestrial  magnetism,  which  depend  npon  the  influ- 
ence of  temperature.  The  conditions  of  excitation  of 
magnetism  are  best  studied  by  comparing  this  force 
with  other  cases  where  the  same  effects  are  produced 
by  very  different  ajiparent  agencies ;  such  as  galvanio 
and  thermo-electricity.  To  the  history  of  these  we 
shall  presently  proceed, 

Condiision. — -The  hypothesis  of  magnetic  fluids,  aa 
physical  realities,  was  never  widely  or  strongly  em- 
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farac«d,  as  that  of  electric  fluids  was.  For  though  tlie 
hypothesis  acconnted,  to  a  remarkable  degree  of  exact- 
ness, for  large  cUbscb  of  the  phenomena,  the  presence 
of  a  material  Suid  was  not  indicated  b^  facts  of  a 
different  kind,  such  as  the  spark,  the  discharge  from 
points,  the  shock,  and  its  niechanioal  effects.  Thus  the 
belief  of  a  peculiar  magnetic  fluid  or  fluiils  wns  not 
forced  upon  men's  minds;  and  the  doctrine  above 
stated  was  probably  entertained  by  mo»t  of  Ita  adhe- 
rents, chiefly  as  a  means  of  expressing  the  laws  of 
phenomena  in  their  elementary  form. 

One  other  observation  occurs  here.  We  have  seen 
that  the  supposition  of  a  fluid  moveable  from  one  part 
of  bodies  to  another,  and  capable  of  accumulation  in 
different  parts  of  the  surface,  appeai'ed  at  first  to  be  as 
distinctly  authorized  by  magnetic  as  by  electric  phe- 
nomena ;  and  yet  that  it  afterwards  appeared,  by  calcu- 
lation, that  this  must  he  considered  as  a  deiivative 
result;  no  real  transfer  of  fluid  taking  place  except 
within  the  limits  of  the  insensible  particles  of  the 
body.  Without  attempting  to  found  a  formula  of 
philoeophizing  on  this  circumstance,  wo  may  obaerve, 
that  this  occurrence,  like  the  disproof  of  heat  as  a 
material  fluid,  shows  the  possibility  of  an  hypothesis 
which  shall  very  exactly  satisfy  many  pheuomena,  and 
yet  be  incomplete :  it  shows,  too,  the  necessity  of 
bringing  facts  of  all  kinds  to  bear  on  the  hypothesis; 
thus,  in  this  case  it  was  requisite  to  take  into  account 
the  tacts  of  junction  and  separation  of  magnetic  bodies, 
as  well  as  their  attractions  and  repulsions. 

If  we  have  seen  reason  to  doubt  the  doctrine 
of  electric  fluids  as  physical  realities,  we  cannot  help 
pronouncing  upon  the  magnetic  fluids  as  having  still 
more  insecure  claims  to  a  material  existence,  even  on 
the  grounds  just  stated.  But  we  may  add  considera- 
tions still  more  decisive ;  for  at  a  further  stage  of 
discovery,  as  we  shall  see,  magnetic  and  electric  action 
were  found  to  be  connected  in  the  closest  manner,  so 
as  to  lead  to  the  persuasion  of  their  being  different 
effects  of  one  common  cause.     After  those  discoveries, 
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no  philosopher  would  dream  of  assuming  electric  fluids 
and  magnetic  fluids  as  two  distinct  material  agents. 
Yet  even  now  the  nature  of  the  dependence  of  mag- 
netism upon  any  other  cause  is  extremely  difficult  to 
conceive.  But  till  we  have  noticed  some  of  the  dis- 
coveries to  which  we  have  alluded,  we  cannot  even 
speculate  ahout  that  dependence.  We  now,  therefore, 
proceed  to  sketch  the  history  of  these  discoverie& 
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FercnBflSd  gelido  trepidant  sab  pectore  fibre, 
Et  nova  desnetis  subrepens  vita  medullis 
Miacetor  morti :  tunc  omnis  palpitat  artns 
Tendontur  nenri ;  nee  se  tellore  cadaver 
Panllatim  per  membra  leyat ;  terr&qne  repnUnim  est 
Brectomque  simol. 

LuoAH.  vi.  751. 

The  form  which  lay  before  inert  and  dead, 
Sadden  a  piercing  thrill  of  change  o'erspread ; 
Betoming  life  gleams  in  the  stony  face, 
The  fibres  qniver  and  the  sinews  brace, 
Move  the  stifif  limbs ; — nor  did  the  body  rise 
With  tempered  strength  which  genial  life  supplies, 
But  upright  starting,  its  full  stature  held, 
As  though  the  earth  the  supine  corse  repelled. 


E  Lave  given  the  name  of  nverhanieo-chemieal  to 
the  class  of  sciences  now  under  our  cousideration; 

r  these  scjences  are  concerned  with  cases  in  which 
nical  eSecta,  that  is,  attnictions  And  repulsions, 

e  produced;  while  the  cotiditions  under  which  these 

fects  occur,  depend,  as  we  shall  hereafter  see,  on  che- 
mjctd  relationa,  lu  that  brnnch  of  these  sciences  which 
we  have  just  treated  of,  Magnetism,  the  mechanical 
phenomena  were  ohvious,  but  their  connexion  with 
chemical  causes  was  by  do  means  apjutreat,  and,  indeed, 
has  not  yet  come  under  our  notice. 

The  subject  to  which  we  now  proceed.  Galvanism, 
belongs  to  the  same  gronp,  but,  at  first  sight,  exhibits 
only  the  other,  the  chemical,  portion  of  the  features  of 
the  class;  for  the  connexion  of  galvanic  phenomena 
with  chemical  action  was  aoon  made  out,  but  the  me- 
ehanical  effects  which  accompany  them  were  not  ex- 
amined till  the  examination  was  required  by  a  new 
U&in  of  discovery.  It  is  to  he  observed,  that  I  do  not 
indade  in  the  class  of  nieclianical  effects  the  convulsive 
motions  in  the  limbs  of  animals  which  are  occasioned 
by  galvanic  action ;  for  these  movements  are  produced, 
not  by  attraction  and  repulsion,  but  by  muscular  irri- 
tabili^;  and  though  they  indicate  the  existence  of  a 
peculiar  agency,  cannot  be  used  to  measure  its  intensity 
and  law. 

The  various  examples  of  the  class  of  agents  which 
we  here  consider, — magnetism,  electricity,  galvanism, 
electro-magnetism,  thenno-electricity, — differ  from 
each  other  principally  in  the  circumstances  by  which 
they  are  called  into  action  ;  and  these  differences  are 
in  reality  of  a  chemical  nature,  and  will  have  to  be 
coDflidered  when  we  come  to  treat  of  the  inductive 
steps  by  which  the  general  principles  of  chemical  theory 
wre  estAblished.      In   tbe  present  part  of  our  task, 
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therefore,  we  must  take  for  granted  the  chemical  con- 
ditioDB  on  vhich  the  excitation  of  the^e  various  kiuds 
of  action  depends,  and  trace  the  history  of  the  dia- 
oovery  of  their  niechanicai  laws  only.  This  rule  ^ill 
much  sbridge  the  aecount  we  have  here  to  give  of  the 
progroBS  of  discoTeiy  in  the  provinces  to  which  I  have 
just  referred. 

The  hrst  step  in  this  career  of  discovery  was  that 
made  by  Oalvaui,  Professor  of  Anatomy  at  Bologna. 
In  1790,  electricity,  as  an  experimental  science,  waa 
nearly  stationary.  The  impulse  given  to  its  progress 
by  the  splendid  phenomena  of  the  Leydon  phial  had 
almost  died  away ;  Coulomb  was  employed  in  systema- 
tizing the  theory  of  the  electric  fluid,  as  shown  by  its 
atatical  effects;  but  in  all  the  other  parts  of  the  sub- 
ject, no  great  principle  or  new  result  had  for  some  time 
been  detected.  The  first  announcement  of  Galvani's 
discovery  in  i  J91  excited  great  notice,  for  it  was  given 
forth  as  a  manifestation  of  electricity  under  a  new  and 
remarkable  character;  namely,  as  residing  in  the  mus- 
cles of  animals. '^  The  limbs  of  a  dissected  irog  wer« 
observed  to  move,  when  touched  with  pieces  of  two 
different  metolaj  the  agent  which  produced  these  mo- 
tions was  conceived  to  be  identified  with  electricity, 
and  was  termed  animal  eleelriciti/ ;  and  Galvani's  ex- 
perimenta  were  repeated,  with  various  modifications,  in 
all  parts  of  Europe,  exciting  much  curiottity,  and  giving 
rise  to  many  speculations. 

It  is  our  business  to  determine  the  character  of  each 
great  discovery  which  apjwars  in  the  progress  of 
science.  Men  are  fond  of  repeating  that  such  dis- 
coveries are  most  commonly  the  i-esult  of  accident; 
and  we  have  seen  reason  to  reject  this  opinion,  since 
that  preparation  of  tliought  by  which  the  accident  pro- 
duces discovery  b  the  most  important  of  the  conditions 
on  which  the  succesaful  event  di'jwnds.  Such  accidents 
are  like  a  spark  which  dii^charges  a  guu  already  loaded 
and  pointed.  In  the  case  of  Galvani,  indeed,  the 
discovery  may,  with  more  propriety  than  usual,  be  said 
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haTe  been  cuna] :  but,  in  the  form  in  which  it  was 
fint  noted,  it  exbibitnl  no  important  noveltj.  Hi* 
frog  was  lying  on  a  tabltj  near  the  conductor  of  an 
electrical  machine,  and  the  couvidnionB  appimred  only 
wlien  a  spark  was  taken  from  the  macbine.  If  Qalraiii 
had  b««iD  aa  good  a  phrstciat  as  he  was  an  anatomist, 
he  would  probably  bavc  seen  that  the  movemeuta  bo 
oeeasiontid,  proved  only  that  the  muscles  or  nerves,  or 
the  two  togetber,  formed  a  very  sensitive  iudiuntor  of 
electrical  action.  It  was  when  he  produced  such  iii'i- 
tions  by  contact  of  metals  alone,  that  he  obtained  an 
important  and  fundamental  fact  in  Hcieuoe. 

The  analysis  of  this  &ct  into  its  real  and  ewential 
conditions  was  the  work  of  Alexander  Volta,  another 
Italian  professor.  Volta,  indeed,  possessed  that  know- 
ledge of  the  subject  of  electricity  whioh  made  a  hint 
like  that  of  Galvaii)  the  basis  of  a  new  science.  Qal- 
vani  appears  never  to  have  acquired  much  general 
knowledge  of  electricity:  Volta,  on  the  other  hand, 
had  laboured  at  this  branch  of  knowledge  from  the  age 
of  eighteen,  through  a  period  of  nearly  thirty  years ; 
and  had  invented  an  dtetrophorm  and  an  electrical 
amdmuer,  which  showed  great  experimental  skill. 
When  be  turned  his  attention  to  the  experiments  made 
by  Galvani,  he  observed  that  the  author  of  thorn  hail 
been  far  more  surprized  than  he  needed  to  be,  at  thane 
resnlta  in  which  an  electrical  spark  was  produced;  and 
that  it  was  only  in  the  ca^ea  in  which  no  such  appa- 
Tntus  was  employed,  that  the  observations  could  justly 
be  considered  as  indicating  a  new  law,  or  a  new  kind 
(if  electricity.'  He  soon  satistied  hiiueclf^  (about  1794) 
that  the  essential  conditions  of  this  kind  of  action 
depended  on  the  metals; — that  it  is  brought  into  play 
most  decidedly  when  two  different  metiils  touch  each 
other,  and  are  connected  by  any  moist  body; — and 
that  the  parts  of  animals  which  had  been  used  dis- 
(.'Itarged  iho  office  both  of  such  moist  bodies,  and  of 
vt-ry  sensitive  electrometers.     The  animal  electricity 
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of  GalTani  might,  he  obaerred,  be  with  more  propriety 
called  'mttaUic  electricity. 

The  recognition  of  this  agency  as  a  peculiar  kind  of 
dectricity,  ajwae  in  part  perbapa,  at  first,  from  the  con- 
fusion made  by  GoJvaui  between  the  cases  in  which  his 
electrical  machine  was,  and  those  in  which  it  was  not, 
employed.  But  the  identity  was  confirmed  by  its 
being  found  that  the  known  dillerence  of  electrical 
conductors  and  non-conductors  regulated  the  conduction 
of  the  new  influenca  The  more  exact  determination 
of  the  new  iiicta  to  those  of  electricity  was  a  succeeding 
step  of  the  progress  of  the  suhject. 

The  term  '  animal  electricity'  has  been  superseded 
by  others,  of  which  gtdvanwm  is  perhaps  the  most 
familiar.  I  think  it  will  appear  from  what  has  been 
said,  that  Volta's  office  in  tliis  discovery  is  of  a  much 
higher  and  more  philosophical  kind  than  that  of  Gal- 
vani ;  and  it  would,  on  this  account,  be  more  fitting  to 
employ  the  term  voltaic  eUctricUy;  wliich,  indeed,  is 
very  commonly  used,  especially  by  our  most  recent  and 
comprehensive  writers. 

Volta  more  fully  still  established  his  claim  as  the 
main  originator  of  this  science  by  his  next  step.  When 
some  of  those  who  repeated  the  experiments  of  Galvani 
had  expressed  a  wish  that  there  was  some  method  of 
multiplying  the  effect  of  thit  electricity,  such  as  the 
Leyden  phial  supplies  for  common  electricity,  they 
probably  thought  their  wishes  far  from  a  realization. 
But  the  voltaic  pile,  which  Volta  described  in  the 
I'hiiosophical  Trajiaaclions  for  1800,  CO mi>letely  satisfies 
this  aspiration;  and  was,  in  &ct,  a  more  important 
step  in  the  history  of  electricity  than  the  Leyden  jar 
had  been.  It  has  since  undergone  various  modifica- 
tions, of  which  the  most  impoi'tant  was  that  introduced 
by  CruikKhanka,  who^  substituted  a  trough  for  a  pile. 
But  in  all  cases  the  principle  of  the  instrument  was 
the  same; — a  continued  repetition  of  the  triple  com- 
bination of  two  metals  and  a  fluid  in  contact,  so  as  to 
form  a  circuit  which  returns  into  itself 


•  Fluher,  tLU.  p.  SBJ. 


DI8COVEBY   OF   VOLTAIC   ELECTRICITY. 

Sncfa  ftu  uiEtnnneiit  is  capable  of  causing  efTects  of 
sreat  iiit«nsily ;  as  seen  bcitb  in  tbe  production  of  lighb 
md  beat,  and  in  cbemica]  cbangea.  But  the  dlacoTciy 
wHli  which  we  are  here  concerned,  b  not  the  dctailH 
■nd  oonaequeQcee  of  tiie  effects,  (which  belong  tc  che- 
voBUy,)  bat  tbv  ajiftlyeiB  of  the  condidons  under  which 
inch  effects  take  place;  imd  this  we  may  consider  as 
Mmpl«t«d  hy  Volta  at  the  epoch  of  whic^  we  speak. 


CHAPTER  II. 

Keception  and  Confirmation  of  the  DiscovERr  of 
ToLTAic  Electricity. 

GALVAHI'S  experiments  excited  a  great  interest 
all  over  Europe,  in  consequence  partly  of  a  eii^ 
cumatance  which,  as  we  have  seen,  was  unessential,  the 
muscular  contractions  and  various  sensations  which 
they  occasioned.  Galvani  himself  had  not  only  con- 
sidered the  anmal  element  of  the  circuit  as  the  origin 
of  the  electricity,  but  had  framed  a  theory,'  in  which 
lie  compared  the  muscles  to  charged  jars,  and  the 
nerves  to  the  discliarging  wires ;  and  a.  controversy 
was,  for  some  time,  carried  on,  in  Italy,  betiveen  the 
adherents  of  Galvani  and  those  of  Volta.' 

Tlie  galvanic  experiments,  and  especially  those 
which  appeared  to  have  a  physiological  bearing,  were 
verified  and  extended  by  a  number  of  the  most  active 
philosophers  of  Europe,  and  especially  William  von 
Humboldt.  A  commission  of  the  Institute  of  Franco, 
appointed  in  1797,  repeated  many  of  the  known  ex- 
periments, hut  does  not  seem  to  have  decided  any 
disputed  points.  The  researches  of  this  commission 
refeiTed  rather  to  the  discoveries  of  Galvani  than  to 
those  of  Volta:  the  latter  were,  indeed,  hardly  kno«-n 
in  Franco  till  the  conquest  of  Italy  by  Bonaparte,  in 
i8oi.  Fi-ance  was,  at  the  period  of  these  discoveries, 
separated  from  all  other  countries  by  war,  and  espe- 
cially from  England,'  where  Volta's  Memoirs  were 
published. 

The  political  revolntions  of  Italy  affected,  in  very 
different  manners,  thu  two  discoverers  of  whom  we 
speak.  Galvani  refused  to  take  an  oath  of  allegiance 
to  the  Cisalpine  republic,  which  the  French  conqueitir 
established;  he  whs  consequently  stripped  of  all  hw 
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offices;  ktul,  deprived,  by  the  calttmitiea  af  the  times, 
of  moet  of  his  relations,  lie  sauk  into  poverty,  melui- 
rfioly,  and  debility.  At  last  his  Bcientific  reputation 
iadaoed  tbe  republican  rulers  to  decree  Lis  restoration 
to  his  profeffiorial  chair;  but  his  claims  were  reo<^- 
□ized  too  late,  and  he  died  without  profiting  by  this 
intended  bvour,  in  1798. 

Volta,  on  tbe  other  hand,  was  called  to  Paris  by 
Bonaparte  as  a  man  of  science,  and  invested  witb 
honoDTS,  emoluntenta,  and  titles.  The  conqueror  hiin- 
seH  indeed,  was  strongly  interested  by  this  train  of 
research.*  He  himself  fonnded  valuable  prizes,  ex- 
pressly with  a  view  to  promote  its  prosecution.  At 
tliis  period,  there  was  something  in  this  subject  pecu- 
liHrly  ttttra^tive  to  his  Italian  mind;  for  the  first 
giinipses  of  discoveries  of  great  promise  have  always 
excited  an  enthusiastic  activity  of  speculation  iu  the 
philosophers  of  Italy,  though  generally  accompanied 
»ith  a  want  of  precise  thought.  It  is  narrated  ^  of 
Bonaparte,  that  after  seeing  the  decomposition  of  the 
salts  by  means  of  the  voltaic  pile,  he  turned  to  Cor- 
viHkrt,  his  phy^cian,  and  said,  '  Here,  doctor,  is  the 
imt^  of  liie ;  the  vertebral  column  is  the  pile,  the 
liver  is  the  n^ative,  the  bladder  the  positive,  pole.* 
Tbe  importance  of  voltaic  researches  is  not  less  than  it 
n-sA  climated  by  Bonaparte ;  but  the  results  to  which 
it  was  to  lead  were  of  a  kind  altogether  dlfierent  from 
those  which  thus  suggested  themselves  to  bis  mind. 
The  connexion  of  mechanical  and  chemical  action  was 
the  first  great  point  to  be  dealt  with;  and  for  this 
purpoee  the  laws  of  the  mechanical  action  of  voltaic 
electricity  were  to  be  studied. 

It  wiU  readily  he  supposed  that  the  voltaic  re- 
Hsrcliett.  thns  begun,  opened  a  number  of  interesting 
topics  of  examination  and  discussion.  These,  however, 
it  does  not  belong  to  our  place  to  dwell  upon  at 
present;  since  they  formed  parts  of  the  theory  of  the 
tiiihject,  which  was  not  completed  till  light  had  been 
thrown  npon  it  from  other  quarters.     The  identity  of 
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galvanism  with  electricity,  for  inatanco,  vras  at  fii-st,  as 
we  have  intimated,  rather  conjectured  than  proved.  Il 
was  denied  by  Dr.  Fowler,  in  1793;  was  supposed  to 
be  confirmed  by  Dr.  Wells  two  years  later;  but  waa, 
still  later,  questioned  by  Davy,  The  nature  of  the 
opemtion  of  the  pile  was  variously  conceived.  Volta 
himself  had  obUviued  «  view  of  it  which  succeeding 
researches  confirmed,  when  he  asserted,^  in  1800,  that 
it  resembled  an  electric  battery  feebly  charged  and 
constantly  renewing  ita  charge.  In  pursuance  of  this 
view,  the  couimoa  electrical  action  was,  at  a  later 
period  (for  instance  by  Ampere,  in  i8jo),  c&lled  dec- 
Crical  tension,  while  the  voltaic  action  was  called  the 
^eetrieal  current,  or  electrotiwlive  action.  The  different 
effects  produced,  by  increasing  the  size  and  the 
number  of  the  plates  in  the  voltaic  trough,  were  also 
veiy  remarkable.  The  power  of  producing  heat  was 
found  to  depend  on  the  size  of  the  plates;  the  power 
of  producing  chemical  changes,  on  the  other  hand,  was 
augmented  by  the  number  of  plates  of  which  the 
battery  consisted.  The  former  effect  was  referred  to 
the  inci'eased  iptantity,  the  latter  to  the  intetisily,  of 
the  electric  fluid.  We  mention  these  distiuctiona  at 
present,  rather  for  the  purpose  of  explaining  the 
language  in  which  the  resiilta  of  the  succeeding  inves- 
tigations are  narrated,  than  with  the  intention  of 
representing  the  hypotheses  and  measures  which  they 
imply,  as  clearly  establislied,  at  the  period  of  whidi 
we  speak.  For  that  purpose  new  discoveries  were 
requisite,  which  we  have  soon  to  relate. 


CHAPTER   riL 


:»TKRT  or  THE  Laws  of  the  MirroAi,  Attrac- 
'  TioK   Aii»    Rkpulsiox  of   Voltaic  OoRwuiTa. — 

AMPfcRK. 

IN  order  to  show  th«  place  of  voltaic  tilectricitj 
uouag  tlie  mechanioD-cheimcal  sciences,  we  muat 
apemk.  of  its  mechauicaJ  laws  ae  separate  from  the  laws 
uF  Klectro-ni&giietic  action ;  although,  in  fact,  it  was 
ouly  in  coaaequenoe  of  the  forces  which  conducting 
Toltaic  wires  esert  upon  nutgneta,  that  those  forces 
were  detected  which  they  exert  upou  each  other. 
This  latter  discoveiy  was  made  by  M.  Ampere;  and 
the  extrHordinary  rapidity  and  sagacity  with  which  he 
caught  the  suggestion  of  aach  forces,  from  the  electro- 
awgnetio  experimentB  of  M.  Oereted,  (of  which  we  Bball 
Kpeak  in  the  nert  chapter,}  well  entitle  him  to  be  con- 
sidered as  a  great  and  independent  discoverer.  As  he 
truly  says,'  'it  by  no  means  followed,  that  becanae  a 
conducting  wire  exerted  a  force  on  a  magnet,  two  cou- 
ilncting  wires  must  exert  a  force  on  esch  other;  for 
two  pieces  of  soft  iron,  both  of  which  atfect  a  magnet, 
do  not  affect  each  other.'  But  immediately  on  the 
promulgation  of  Oersted's  experiments,  in  i8zo,  Am- 
p^  leapt  forwards  to  a  general  theory  of  the  fiwta,  of 
which  theory  the  mutual  attraction  and  repulsion  of 
condocting  voltaic  wires  was  a  fundamental  supposi- 
tion. The  supposition  was  immediately  verified  by 
direct  trial;  and  the  laws  of  this  attraction  and  repul- 
sion were  soon  determined,  with  great  experimental 
ingenuity,  and  U  very  remarkable  command  of  the 
resources  of  analysis.  But  the  experimental  and  ana- 
lytical investigation  of  the  mutual  action  of  voltaic  or 
electrical  currents,  was  so  mixed  up  with  the  exami- 
nation of  the  laws  of  electro-maguetism,  whicli  had 
^ven  occasion  to  the  investigation,  that  we  must  not 
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treat  the  two  proyinces  of  research  as  separate.  The 
mention  in  this  place^  premature  as  it  might  appear,  of 
the  labours  of  Ampdre,  arises  inevitably  from  his  bdng 
the  author  of  a  beautiful  and  comprehensive  generali- 
zation, which  not  only  included  the  phenomena  exhi- 
bited by  the  new  combinations  of  Oersted,  but  also 
disclosed  forces  which  existed  in  arrangements  already 
familiar,  although  they  had  never  been  detected  tiU 
the  theory  pointed  out  how « they  were  to  be  looked 
for. 


CHAPTER  rV. 


DiSOOTKttT  or   £t.ECTBO-MAGXBTlC   ACTtOK. 

Oebsted. 

nHE  impalee  whtcb  the  discorerj  of  gilvuium,  tn 
L  179*'  *^^  ^^  ^^*  voltajc  pile,  in  1800,  haJ  given 
to  the  study  of  electricity  as  a  mechanical  aae&ce,  kail 
Dearly  tlied  away  in  1810.  It  waa  in  Uiat  year  that 
M,  Oersted,  of  Copenhagen,  announced  that  the  coa- 
dacting  wire  of  a  voltaic  circuit  acta  upon  a  magnetic 
needle;  and  thus  recalled  into  activity  that  endtaronr 
to  connect  magnetism  vith  electricity,  which,  thoo^ 
^ipaiently  on  many  Bccoosts  so  hopeful,  bad  hitherto 
heet)  attended  with  no  success.  Oersted  found  that 
the  needle  has  a  tendency  to  place  itself  a<  right  angUt 
to  the  wir« ; — a  kind  of  action  altogether  different  from 
any  which  had  been  suspectecL 

This  observation  was  of  vast  importance ;  and  the 
analysis  of  it«  conditiooB  and  consequences  emptojed 
the  best  philosophers  in  Europe  immediately  on  ibi 
promulgation.  It  is  impossible,  without  great  injustioe, 
to  refuse  great  merit  to  Oerrted  aa  the  author  of  the 
dtscoTery.  We  have  already  aaid,  that  men  appear 
generally  inclined  to  believe  remarkabln  diaooveries  to 
be  acciilental,  and  the  discovery  of  Oersted  has  be«i 
mokon  of  as  a  casual  insulated  experiment'  Yet 
Oented  had  been  looking  for  such  an  ardent  pro- 
bably more  carefully  and  perseveringly  than  any  other 
person  in  Europe.  In  1807,  he  had  pnblidied*  a 
work,  in  which  he  professed  that  his  purpose  was  'to 
ascertain  whether  electricity.  In  its  most  latent  ststc^ 
bad  any  effect  on  the  magnet.'  And  he,  as  I  know 
irota  his  own  declaration,  considered  his  discovery  aa 
the  oatnial  sequel  and  confirmation  of  his  early  re- 
searches; as,  indeed,  it  fell  in  readily  and  immediately 

'  9m  SclttUnig  utbrr  Famla^t  Enldrckang.  p.  i 


I 


n 


HISTOEY   OF  QALV,VN1SM. 


with  Bpeculations  ou  these  aahjecta  then  very  prevalent 
in  Germany.  It  was  an  accident  like  that  by  which  ei 
man  guesses  a  riddlo  on  which  his  mind  has  long  been 
employed. 

Beeidee  the  couhrmation  of  Oersted's  observations 
by  ma,uy  experiin enters,  great  additions  were  made  to 
his  facta:  of  these,  one  of  the  most  important  was  due 
to  AmpSre.  Since  the  earth  is  in  feet  magnetic,  the 
voltaic  wire  ought  to  be  aifected  by  terrestrial  m&g- 
netism  alone,  and  ought  to  tend  to  assume  a  position 
depending  on  the  position  of  the  compass- needla  At 
first,  the  attempts  to  produce  this  effect  failed,  but 
BOon,  with  a  more  delicate  apparatus,  the  result  waa 
found  to  agree  with  the  anticipation. 

It  is  impossible  here  to  dwell  on  any  of  the  subse- 
quent researches,  except  so  far  as  they  are  essential  to 
our  great  object,  the  progress  towards  a  general  theuiy 
of  the  subject.  I  proceed,  therefore,  immediately  t^i 
tlie  attempts  mode  towards  this  object. 


CHATTER  V. 


\S  attemptang  to  analyse  the  electro-magnetic  plie- 
_ '  Doniena  observed  by  Oereted  and  others  into  their 
Eimplcsl  forma,  they  appeared,  at  least  at  first  aight,  to 
be  different  from  any  mechanical  actions  which  had  yel 
been  observed.  It  seemed  as  if  the  conducting  wire 
exerted  on  the  pole  of  the  magnet  a  force  which  was 
not  attractive  or  repulsive,  but  tran»vi!rte;-^rwt 
tending  to  draw  the  [Kiiiit  acted  on  nearer,  oi*  to  push 
it  further  ot!^  in  the  tine  which  reached  fi-oni  the 
acting  point,  but  urging  it  to  move  at  right  angles  to 
this  line.  The  forces  appeared  to  be  sucl 
had  dreamt  of  in  the  inlancy  of  mechanical  concep- 
tions; ratUer  than  such  as  those  of  which  Newton  had 
CBtablisbed  the  existenoe  in  the  solar  system,  and  such 
as  he,  and  all  his  succesttors,  had  BU|)|)OBed  to  be  the 
only  kinds  of  force  which  exist  in  nature.  The  north 
pole  of  the  needle  moved  as  if  it  were  impelled  by  a 
Tortei  revolving  round  the  wire  in  one  direction, 
while  the  south  pole  seemed  to  he  driven  by  an 
upposito  vortex.  The  case  seemed  novel,  and  almost 
paradoxical. 

It  was  soon  established  fay  experiments,  made  in  a 
great  variety  of  forms,  that  the  mechanical  action  was 
really  of  this  transverse  kind.  And  a  curious  result 
was  obtained,  which  a  little  while  before  would  have 
been  considered  aa  altogether  incredible; — that  this 
force  would  cause  a  constant  and  rapid  revolution  of 
fither  of  the  bodies  about  the  other; — of  the  conduct- 
ial;  wire  about  the  magnet,  or  of  the  magnet  a1>out 
;  l.e  conducting  wire,    This  was  effected  by  Mr.  Faraday, 
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The  laws  which  regulated  the  intensity  of  this  force, 
with  reference  to  the  distance  and  position  of  the 
bodiec^  now  naturally  came  to  be  ezamined.    MM.  Blot 
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and  Savart  in  France,  and  Mr.  Barlow  in  Eugjand, 
instituted  such  measures ;  and  satisfied  tbemBelvea  ^i«t 
the  elementary  force  followed  the  law  of  magnitude  of 
ftll  known  elementary  forces,  in  being  inversely  as  the 
square  of  the  diHtance;  although,  in  its  direction,  it 
mtirely  different  irom  olher  forcus.  But  the 
investigation  of  thu  latoa  of  phenofiiena  of  the  subject 
was  too  closely  connected  with  the  choice  of  a  mecbl- 
uical  theory,  to  be  established  pi-evionsly  and  inde- 
pendently, as  had  been  done  in  astronomy.  The 
experiments  gave  complex  results,  and  the  analysis  of 
these  into  their  elementary  actions  was  almost  an 
indispensable  step  in  order  to  disentangle  their  laws. 
We  must,  therefore,  state  the  progress  of  this  analysis. 


^  3i FERE'S  TAeory.— Nothing  can  sliow  in  a  more 
■  Mriking  majiner  the  advanced  condition  of  phy- 
nlktion.  in  1820,  than  ttie  reduction  of  the 
1  complex  phenomena  of  etectrumagnetisiii 
e  and  general  theory  aa  eoon  as  they  m 
Instead  of  a  gradual  establishment  of  lavs 
nplieiioniena,  and  of  theories  more  and  more  perfect, 
oocupying  i^a,  as  in  the  case  of  astronomy,  or  genera- 
tioDs,  as  in  the  inatances  of  magnetism  and  electricity, 
i  few  months  sufficed  for  the  whole  process  of  genera- 
liiation ;  and  the  experiraenta  made  at  Copenliageii 
were  announced  at  Paris  and  London,  almost  at  the 
BMne  time  with  the  skilful  analysis  imd  comprehensive 
inductions  of  Ampere. 

Yet  we  should  err  if  we  should  suppose,  from  the 
celerity  with  which  the  task  was  execiited,  that  it  was 
an  easy  one.     There  were  nM}uirud,  in  the  author  of 
inch  a  theory,  not  only  those  clear  conceptions  of  the 
relations  of  space  and  force,  which  are  the  first  condi- 
tions of  all  sound  theory,  and  a  full  possession  of  the 
experimentA;    but  also   a   masterly  command  of  the 
mathematical  anna  by  which  alone  the  victory  ooiild 
be  gained,  and  a  sagacious  selection  of  proper  experi- 
ments wliich  might  decide  the  fiite  of  the  proposed 
hypothesis. 
L^  It  is  true,  that  the  nature  of  the  requisite  hypothesis 
^pU  ttot  difficalt  to  see  in  a  certain  vague  and  limited 
Htay.     The  conducting- wire  and  the  magnetic  needle 
'  'bad  a  tendency  to  arrange  themselves  at  right  angles 
to  one  another.     This  might  be  represented  by  suj]- 
postng  the  wire  to  be  made  up  of  transverse  magnetic 
net-dlee,  or  by  supposing  the  needle  to  be  mode  up  of 
fetansverse  conducting- wires ;  for  it  was  easy  to  coi 
I   which   should   bring   correxponiling   eler 
r  magnetic  or  voltaic,  into  parallel  positions 
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then  the  general  phenomena  above  stated  would  b« 
accounted  for.  And  the  choice  between  tbe  two 
modes  of  conception,  appeared  at  first  sight  a  matter 
of  indifference.  The  luajority  of  philosophers  at  first 
adopted,  or  at  least  employed,  the  former  method,  as 
Oersted  io  Germany,  Berzeliua  in  Sweden,  Wollaston 
in  Englauff. 

Ampiro  adopted  the  otheryiew,  according  to  which 
the  magnet  is  made  up  of  con  ducting- wires  in  a  trans- 
verse position.  But  he  did  for  his  hypothesis  what 
no  one  did  or  could  do  for  the  other:  he  showed  that 
it  was  the  only  one  which  would  account,  without 
additional  and  arbitrary  suppositions,  for  the  facts  of 
cOTtttnuet/ motion  in  electro-magnetie  eases.  And  he 
further  elevated  hie  theory  to  a  higher  m,uk  of  gene- 
rality, by  showing  that  it  explained,— not  only  the 
action  of  a  conducting- wire  u])on  a  magnet,  but  also 
two  other  chssea  of  facte,  already  spoken  of  in  this 
history, — the  action  of  magnets  upon  eoch  other, — and 
the  action  of  conducting- wires  upon  each  other. 

The  deduction  of  Buch  particular  caaea  from  the 
theory,  required,  as  may  easily  be  imagined,  some  com- 
plex calculations :  but  the  deduction  being  satisfactory, 
it  will  be  seen  that  Am[>6re's  theory  conformed  to  that 
description  which  we  have  repeatedly  had  to  point  out 
Da  the  usual  character  of  a  true  and  stable  theory; 
namely,  tiiat  besides  accounting  for  the  class  of  phe- 
nomena which  suggested  it,  it  supplies  an  unforeseen 
explanation  of  other  known  facto.  For  the  mutual 
action  of  magnets,  which  was  supposed  to  be  already 
reduced  to  a  satisfactory  theoretical  form  by  Coulomb, 
was  not  contemplated  by  Am])ire  in  the  formation  of 
his  hypothesis;  and  the  mutual  action  of  voltaic  cur- 
rents, though  tried  only  in  consequence  of  the  sug- 
gestion of  the  theory,  was  clearly  a  fact  distinct  from 
electromagnetic  action;  yet  all  these  facts  flowed  alike 
from  the  theory.  And  thus  AmpSre  brought  into 
^^ew  a  class  of  forces  for  which  the  term  '  electromag- 
netic was  too  limited,  and  which  he  designated^  by  the 
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appropriate  term  eUclrodipiamu: ;  diatingiiishiiig  tliiiii 
by  thi8  exptwiaion,  as  the  Ibrcea  of  an  electric  ciirrvtit, 
from  the  glatical  eSeots  of  electricitj  which  we  luul 
formerly  to  breat  oL  This  term  ha«  pai»ed  into  oomtnan 
UAe  among  acieDti£c  writt^rs,  and  remains  the  record 
anil  stamp  of  the  SHCceae  of  the  Amperian  induction. 

The  firat  promulgation  of  Ampitre'fl  views  was  by  a 
coiumiuiicatioD  to  the  Frenuh  Academy  of  Bciences, 
September  the  i8th,  i8ao;  Oersted's  discoveries  having 
reached  Paris  ooly  ia  the  preceding  July.  At  almogt 
every  meeting  of  the  Acailemy  during  the  remainder 
of  that  year  and  the  beginning  of  the  following  one, 
be  had  new  developeineuts  or  new  coniirmations  of  his 
theory  to  announce.  Tlie  most  h3rpothetical  part  of 
his  theory, — the  proposition  that  magnets  might  be 
considered  in  their  effects  as  identical  with  spind  vol- 
taicwires, — he  nsserted  from  the  very  first.  Themutual 
attraction  and  repulsion  of  voltaic  wires, — the  laws  of 
this  action. — the  deduction  of  the  observed  facts  from 
it  by  c^oulation, — the  determination,  by  new  experi- 
ments, of  the  constant  quantities  which  entered  into 
his  formnla, — followed  in  rapid  auccession.  The  theory 
most  be  briefly  slated.  It  had  already  been  seen  that 
{arollel  voltaic  currents  attracted  each  other;  when, 
instead  of  being  parallel,  thoy  were  situate  in  any 
directions,  they  Btill  exerted  attrootire  and  repulsive 
forces  defiending  on  the  distance,  and  on  the  directions 
of  each  element  of  both  currents.  Add  to  tliis  doe- 
trine  the  hypothetical  constitution  of  magnets,  mimely, 
that  a  voltaic  current  runs  round  the  axis  of  each  i>ftr- 
ticle,  and  we  have  the  means  of  calculating  a  vast 
variety  of  results  which  may  be  compared  with  expe- 
riment. But  the  laws  of  the  elementary  forces  required 
fiirtber  fixation,  \ilmt  fune/itmn  are  the  forces  of  the 
distance  and  the  directions  of  the  elements  1 

To  extract  from  experiment  an  answer  to  this  inquiry 
was  far  &om  easy,  fur  the  elementary  forces  were  ma- 
thematically connected  with  the  observed  facts,  by  a 
double  mathematical  integration ; — a  long,  and,  while 
the  constant  co«t&ctents  remained  undefined,  hardly  a 
possible  operation.     Ampere  made  some  trials  in  this 
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way,  but  his  happier  genius  au^^t«d  to  him  a  better 
path.  It  occurred  to  hbu,  that  if  his  integralB,  without 
being  Bpecially  found,  could  be  shown  to  vauiah  upon 
the  whole,  under  cei-tain  conditions  of  ttie  problem, 
thifl  oircuniatance  would  correspond  to  arrangements  of 
his  apparatus  in  which  a  state  of  equilibrium  was  pre- 
served, however  the  form  of  some  of  the  parts  might 
be  changed.  He  found  two  such  cases,  which  were  of 
great  imp<irtance  to  the  theory.  The  first  of  these 
s  proved  that  the  force  exerted  by  any  element  of 
the  voltaic  wire  might  be  resolved  into  other  forces  by 
a  theorem  resembling  the  well-known  proposition  of 
the  parallelogram  of  forces.  This  was  proved  by 
showing  that  the  action  of  a  straight  wire  is  the  same 
with  that  of  another  wire  which  joins  the  aanie  ex- 
tremities, hut  ia  bent  and  contorted  in  any  way  what^ 
But  it  still  remained  necessary  to  determine  two 
fundamental  quantities;  one  of  which  expressed  the 
jMwer  of  the  distance  according  to  which  the  force 
varied;  the  other,  the  degree  in  which  the  force  is 
affected  by  the  obliquity  of  the  elements.  One  of  the 
general  causes  of  eijuilibrinm,  of  which  we  have  spoken, 
gave  a  relation  between  these  two  quantities ; '  and  as 
the  power  was  naturally,  and,  as  it  afterwards  appeared, 
rightly,  coniectured  to  be  the  inverse  square,  the  other 
quantity  also  was  determined ;  and  the  general  problem 
of  electrodynamical  action  was  iiilly  solved. 

If  Ampc^re  had  not  been  an  accomplished  analyst,  he 
would  not  have  been  able  to  discover  the  condition  on 
which  the  nullity  of  the  integral  in  this  case  depended.* 
And  throughout  his  labours,  we  find  reason  to  admire, 
both  his  mathematical  skill,  and  his  steadiness  of 
thought;  although  these  excellencies  are  by  no  means 
accompanied  throughout  with  corresponding  clearness 
and  elegance  of  exposition  in  his  writings. 

Seceptimi  of  Ampire'n  T/ifoiy. — Clear  mathematical 
conceptions,  and  some  familiarity  with  mathematical 
oi>erations,  were  needed  by  readers  also,  in  order  to 
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rifipreci***  the  eividence  of  the  theory;  and,  therefore, 
we  need  not  feel  any  sarprise  if  it  was,  on  its  publica- 
tion twd  establishment,  bailed  with  far  less  eDthasiasm 
thui  so  remarkable  a  triumph  of  generalizing  power 
might  apiRvir  to  deserve.  For  some  time,  indeed,  the 
greater  portion  of  the  public  were  naturally  held  in 
m»pen»e  by  the  opposing  weight  of  rival  numea.  The 
&m[«rian  theory  did  not  make  its  way  without  con- 
tention nod  competition.  The  electro- magnetic  experi- 
ments, from  their  first  appearance,  gave  a  clear  promise 
of  some  new  and  wide  geuemliintion ;  and  held  out  a 
prize  of  honour  and  fame  to  him  wlio  should  be  first 
in  giring  the  right  interpretation  of  the  riddle.  In 
F'laraee,  the  emulution  for  such  reputation  is  perhaps 
more  v^ilant  and  anxious  than  it  is  elsewhere;  and 
we  see,  on  this  as  on  other  occasions,  the  scientific  host 
of  Paris  springing  upon  a  new  subject  with  an  impe- 
tuosity which,  in  a  short  time,  runs  into  controversies 
for  priority  or  for  victory.  In  this  c&ee,  M.  Biot,  as 
well  as  Ampere,  endeavoured  to  reduce  the  electro- 
ma^etic  phenomena  to  general  laws.  The  discussion 
between  him  and  Ampere  turned  on  some  pcintit  which 
tre  carious.  M.  fiiot  waa  disposed  to  consider  as  an 
elementary  action,  the  force  which  aa  element  of  a 
Toltaic  wire  exerts  upon  a  magnetic  ]iarticle,  and  which 
i%  as  we  have  seen,  at  right  angles  to  their  mutual 
distance ;  and  he  conceived  that  the  equal  reaction 
which  necessarily  acoompanies  this  action  acta  oppo- 
sitely to  the  action,  not  in  the  same  line,  but  in  a 
[lorRllel  line,  at  the  other  extremity  of  the  distance ; 
thus  forming  a  primitive  cotipU,  to  use  a  technical 
cxpressioQ  borrowed  from  mechanics.  To  this  Ampere 
abjeeted,*  that  the  direct  opposition  of  all  elementary 
action  and  reaction  was  a  universal  and  necessary  me- 
chanical law.  He  showed  too  that  Rnch  a  couple  as 
had  been  asonmed,  would  follow  as  a  derivative  result 
from  his  theory.  And  In  comparing  his  own  theory 
with  that  in  which  the  voltaic  wire  is  assimilated  to  a 
^H^eetdon  of  transverse  magnets,  ho  waa  also  able  to 
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prove  thftt  no  such  aBsemblage  of  forces  acting  to  and 
from  fixed  points,  aa  tliu  forces  of  magnote  do  act^ 
could  prodnce  a  cootinued  motion  like  tbat  discovered 
by  Faraday.  This,  indeed,  was  only  the  well-known 
demon  stration  of  the  impossibility  of  a  perpetual  nii>- 
tion.  If,  inst«ad  of  a  collection  of  ma^ete,  the  ad- 
vene theorists  bad  B[ioken  of  a  maguetic  ewrrsTU,  they 
might  probably  interpret  their  expreasiotis  so  aa  to 
explain  the  factn;  that  is,  if  they  considered  every 
element  of  such  a  current  as  a  magnet,  and  conse- 
quently, every  i«iut  of  it  as  being  a  north  and  a  south 
pole  at  the  same  instant.  But  to  introduce  snch  & 
conception  nf  a  maguctic  current  was  to  abandon  all 
the  laws  of  magnetic  action  hitherto  established ;  and 
consequently  to  lose  all  that  gave  the  hypothesis  ita 
value.  The  Idea  of  an  electric  current,  on  the  other 
hand,  was  so  for  from  being  a  new  and  hazardous  as- 
sumption, that  it  had  already  been  forced  upon  philo- 
sophers from  the  time  of  Volta ;  and  in  this  current, 
the  relation  of  preeedimj  and  twxeeding,  which  neces- 
sarily existed  between  the  extremitiea  of  any  element, 
introduce<l  that  relative  polarity  on  which  the  success 
of  the  explanations  of  the  fects  depended.  And  thos 
in  this  controversy,  the  theory  of  AmpSre  has  a  great 
and  undeniable  superiority  over  the  rival  hypotheses. 
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CHAPTER    VII. 

.   0¥   THB   ELecTRODVNAMUr  Thec 


IT  ia  not  necessary  to  state  the  various  applications 
which  were  booh  made  of  tbo  electro- magnetic  dis- 
coveriea.  But  wu  may  notice  one  of  the  most  im- 
portant,— the  Galvanometer,  an  instrunicDt  which,  by 
en&kling  the  philosopher  to  detect  and  to  measure 
txtremely  ininute  electrodynamio  actions,  gave  an 
impulse  to  the  subject  similar  to  that  which  it  received 
from  the  invention  of  the  Lejden  Phial,  or  the  Voltaic 
FJc.  The  8ti-engtb  of  the  voltaic  current  was  measured, 
in  thia  iustrument,  by  the  deflection  produced  in  a 
compass- needle ;  and  its  Henaibility  was  multiplied  by 
making  the  wire  paaa  repeatedly  above  and  below  tho 
needle.  Schweigger,  of  Halle,  was  one  of  the  hrst 
devisera  of  thia  apparatus. 

The  substitution  of  electro-magnets,  that  ia,  of  spiral 
lobes  composed  of  voltaic  wires,  for  common  magnets, 
gave  rise  to  a  variety  of  curious  ajiparatus  and  specu- 
Utions,  some  of  which  I  shall  hereafter  meution. 

[and  Ed.]  [Wheu  a  voltaic  apparatus  ia  in  action, 
there  may  be  conceived  to  be  a  current  of  electricity 
ninniug  throogh  ita  various  elements,  as  stated  in  the 
texL  The  force  of  this  current  in  various  partd  of  the 
orcuit  hae  been  made  the  subject  of  mathematical 
investigatiun  by  M.  Ohm.'  The  problem  is  in  every 
respect  similar  to  that  of  the  Sow  of  heat  through  a 
body,  and  taken  generally,  leads  to  complex  calcula- 
tions of  the  same  kind.  But  Dr.  Ohm,  by  limiting  the 
problem  in  the  first  place  by  conditions  which  the 
usual  nature  and  form  of  voltaic  apparatus  surest, 
has  bee:n  able  to  give  great  simplicity  to  hia  reasonings. 
These  conditions  are,  the  linear  form  of  the  conductors 
(wires)  and  the  steadiness  of  the  electric  state.  For 
thifl  part  of  the  problem  Dr.  Ohm's  reasonings  are  as 

>  Die  Oalnmiiclit  KetU  MathimaUKh  tcartKltel  van  Dr.  G.  S.  0)m. 
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Bimple  and  aa  demonstrative  aa  the  elementaty  propo- 
Bitiona  of  Mechanica.     The  formuJie  for  the  electric 
force  of  a  voltaic  current  to  which  he  ia  led  have  been    ' 
experimentally  verified  by  others,  especially  Fechner,' 
GausB,^  Lenz,  Jacob!,  Poggendorf,  and  Pouillet. 

Among  ourselves,  Mr.  Wheatstone  has  confirmed  sud 
applied  the  views  of  M.  Ohm,  in  a  Memoir*  On  New  In- 
ttrwnenU  and  Proeetsea  for  determining  the  ComtatUt 
of  a  Voltaic  Circuil.  He  there  remarks,  that  the  clear 
ideas  of  electromotive  forces  and  resistances,  anbatituted 
by  Ohm  for  the  vague  notions  of  quantity  and  intfinsity 
which  have  long  been  prevalent,  give  satisfactory  ex- 
planations of  the  most  important  difficulties,  and  express 
the  laws  of  a  vast  number  of  phenomena  in  formuln  of 
remarkable  simplicity  and  generality.  In  this  Memoir, 
Professor  Wheatstone  describes  an  instrument  which  he 
ter me  tholihefistaC,  because  it  brings  to  a  common  stan- 
dard the  voltaic  currents  which  are  compared  by  it.  He 
generalizes  the  language  of  the  subject  by  employing 
the  term  rheomotor  for  any  apparatus  which  originates 
an  electric  current  (whether  voltaic  or  thermoelectric, 
&c)  and  rJteometer  for  any  instrument  to  measure  the 
force  of  such  a  current.  It  appears  that  the  idea  of 
oonstructtDg  an  instrument  of  the  nature  of  the 
Rheostat  bad  occurred  also  to  Prof.  Jacobi,  of  St. 
Petersburg.] 

The  galvanometer  led  to  the  discovery  of  another 
class  of  cases  in  which  the  electrodynamical  action  was 
called  into  play,  namely,  those  in  which  a  circuit, 
composed  of  two  metals  only,  became  electro-magnetic 
by  hmUing  one  part  of  it.  This  discovery  of  tliermo- 
deetrieUy  was  made  by  Professor  Seebeck  of  Berlin,  in 
i8a2,  and  prosecuted  by  various  persons;  especially  by 
Prof.  Gumming'  of  Cambridge,  who,  early  in  i8a3, 
extended  the  examination  of  this  property  to  most  of 
the  metals,  and  deti^rmined  their  thenno-electrio  order. 

:  Miai-hrttimmengra    vbrr    dit        *  PMt.  Trmit.  1841.     Pt.  II, 
Galmniiche  Krtli.    tdpii;:,  igji.        '  ram6.7Vitiu.Tnl.fi.  p. Si,  tM 
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But  as  these  iavesti^tions  exhibited  no  new  mecha- 
nical effects  of  electntmotive  foreee,  they  do  not  now 
farther  eoDCOiv  us;  and  we  jmea  oa,  at  present,  to  a 
caae  in  which  such  forces  act  in  a  matiaer  dtSerent 
from  Mif  of  those  already  de^ribed- 

DiacoTBBr  op  Diaiugxktisil 

[and  Ed.1  [Bj  the  discoveries  just  related,  a  pj'lin- 
drical  spiral  of  wire  through  which  an  electric  current 
t!  puaing  is  identified  with  a  magnet;  and  the  effect 
at  mch  a  spiral  is  inoressed  by  placing  in  it  a  core  of 
Bjft  iron.  By  the  use  of  such  a  combination  under  the 
inilaenoe  of  a  voltHic  battery,  magaeta  are  constructed 
&r  more  powerful  than  those  which  depend  upon  the 
permaneBt  ma^etism  of  iron.  The  eleotro-mognet 
employed  by  Dr.  Famday  in  some  of  hia  experiments 
iroold  sustain  a  hundred- weight  at  either  cud. 

By  the  use  of  such  magnets  Dr.  Faraday  discovered 
that,  besides  iron,  nickel  and  cobalt,  which  possess 
magDetism  in  a  high  degree,  many  bodies  are  magnetic 
in  a  slight  degree.  And  he  made  the  further  very 
important  disoovery,  that  of  those  substances  which 
are  not  magnetic,  many,  perhaps  all,  possess  an  oppo- 
ate  property,  in  virtue  of  which  he  terms  them 
£jnwtgnetie.  The  opposition  is  of  this  kind; — that 
magnetic  bodies  in  the  form  of  bars  or  needles,  if  free 
Id  move,  arrant^  themselves  in  the  axial  line  joining 
the  poles;  diamagnetic  bodies  under  the  same  circum- 
tt»&ces  arrange  themselves  in  an  eqaatoruU  position, 
perpendicular  to  the  axial  line.  And  this  tendency  h« 
ronceivM  tc  be  the  result  of  one  more  general;  that 
whereas  magnetic  bodies  are  attracted  to  the  poles  of 
a  magnet,  diamagnetic  bodies  are  repelled  from  the 
poles.  The  list  of  diamagnetic  bodies  includes  all 
kindA  of  auWtancea;  not  only  metals,  as  antimony, 
btsmutb,  gold,  silver,  lead,  tin,  zinc,  but  many  crystals, 
^aaa,  phosphorus,  sulphur,  sugar,  gum,  wood,  ivory; 
and  e^en  flesh  and  fruit. 

It  apjieari  that  M.  le  Bailli  had  shown,  in  1829.  that 
both  bismuth  and  antimony    and   bismuth   repelled 
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tlie  m&gnctic  needle;  and  »a  Dr.  Faraday  remarks,  it 
is  astonishing  tliat  such  an '  experiment  should  have 
remained  so  long  without  further  resnlts.  M.  Becquer^l 
in  1827  obEerved,  aud  quoted  Coulomb  as  having  also 
observed,  that  a  needle  of  vood  under  certain  con- 
dition)) pointed  across  the  magnetic  curves;  and  also 
stated  that  he  had  found  a  needle  of  wood  place  itself 
parallel  to  the  wires  of  a  galvanometer.  This  he 
referred  to  a  magnetism  transverse  t-o  t)ie  length.  But 
he  does  not  refer  the  phenomena  to  elementary  repul- 
action,  nor  show  that  they  are  common  to  on 
immense  class  of  bodies,  nor  distinguish  this  diamag' 
netic  from  the  magnetic  class,  as  Faraday  has  taught 

I  do  not  dwell  upon  the  peculiar  phenomena  of 
copper  wliich,  in  the  same  series  of  researches,  are 
traced  by  Dr,  Furaday  to  the  combined  effect  of  its 
diamagnetic  character,  and  the  electric  currents  eKCit«d 
in  it  by  the  electro-magnet;  nor  to  the  optical  phe- 
nomena manifested  by  certain  transparent  diamagnetio 
substances  under  electric  action;  as  already  stated  in 
Book  IX.'] 


CHAPTER  VIIL 

DiscoTBBT  OP  THE  Lawb  OP  Maoseto-Elbcteic 
Ikdcctiok. — Faraday. 

IT  WM  clearly  established  by  Amp&re,  aa  we  have 
seen,  that  magnetie  &cUou  ia  a  peculiar  form  of 
deetrorootive  actions,  and  that,  in  this  kind  of  agency, 
actioB  and  re&ctk>n  are  equal  and  opposite.  It  ap- 
peared to  follow  aimoat  irreHiatibly  from  these  con- 
eidetations,  that  niagnetiani  might  be  made  to  [iroduce 
electricity,  as  electricity  could  be  made  to  imitate  alt 
the  effects  of  magnetism.  Yet  for  a  long  time  the 
Utempts  to  obtain  such  a  result  were  fmiiiesa.  Fara- 
day, in  i8ig,  endeavoared  to  make  the  con  ducting-wire 
of  the  voltaic  circuit  escite  electricity  in  a  neigh- 
tMnring  wire  by  induction,  as  the  conductor  charged 
with  common  electricity  would  have  done,  but  he 
ubtained  no  such  effect.  If  this  attempt  had  succeeded, 
the  magnet,  which,  for  all  such  pnrpoaei,  is  an  assem- 
blage of  voltaic  circuits,  might  also  have  been  made 
to  excite  electricity.  About  the  same  time,  on  ex- 
[leriment  was  made  in  i'ranee  by  M.  Arago,  which 
really  involved  the  effect  thus  sought;  thougli  this 
effect  was  notextricated  from  thecomplex  pheuomentMi, 
till  Faraday  began  his  aplendid  career  of  discovery  on 
this  subject  in  1833.  Arago's  observation  was,  that 
the  rapid  revolution  of  a  con  ducting-plate  in  the  neigh- 
bourhood of  a  magnet,  gave  rise  to  a  force  acting  oa 
the  magnet  In  England,  Messrs.  Barlow  and  Christie, 
Herschel  and  Babbage,  repeated,  and  tried  to  analyse 
this  experiment;  but  referring  the  forces  only  to  con- 
ditions of  space  and  time,  and  overlooking  the  real 
cause,  the  electrical  currents  produced  by  the  motion, 
these  philosophers  were  altogether  nnsuccessful  in 
their  taboun.  In  1831,  Faraday  again  sought  for 
electro-dynamical  tnductiou,and  after  some  futile  trials, 
at  last  found  it  in  a  form  different  from  that  in  which 
he  had  looked  for  it.     It  whs  then  seen,  that  at  ths 
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precise  time  of  making  or  breaking  tha  contact  wliicli 
closed  the  galvanic  circuit,  a  momentary  effect  was 
induced  in  a  neighbouring  wire,  but  disappeared  ia- 
Btantly.^  Once  in  poBse&eion  of  this  fact,  Mr.  Faraday 
ran  rapidly  up  the  Indder  of  discovery,  to  the  general 
point  of  view.  —  Instead  of  suddenly  making  or 
breaking  the  cont&ct  of  the  inducing  circuit,  a  similar 
effect  was  produced  by  removing  the  inducible  wire 
nearer  to  or  further  from  the  oircuit;^ — the  effects 
were  increased  by  the  proximity  of  soft  iron  ;* — when. 
the  soft  iron  was  affected  by  an  ordinary  magnet  instead 
of  the  voltaic  wire,  the  same  effect  still  recurred,'* — 
and  thus  it  appeared,  that  by  making  and  breaking 
magnetic  contact,  a  momentary  electric  current  was 
produced.  It  was  produced  also  by  moving  the 
magnet ;' — or  by  moving  the  wire  with  reference  to 
the  magnet.*  Finally,  it  was  found  that  the  earth  might 
supply  the  place  of  a  magnet  in  this  aa  in  other  ex- 
periments/ and  the  mere  motion  of  a  wire,  under 
proper  circumstances,  produced  in  it,  it  appeared,  a 
momentary  electric  current.*  These  facts  were  curi- 
ously confirmed  by  the  results  in  special  cases.  They 
explained  Arago's  experiments;  for  the  moment&ry 
effect  became  permanent  by  the  revolution  of  the 
plate.  And  without  using  the  magnet,  a  revolving 
plate  became  an  electrical  machine;* — a.  revolving 
globe  exhibited  electro-magnetic  action,'*  the  circuit 
being  complete  in  the  globe  itself  without  the  addition 
of  any  wire;^ — and  a  mere  motion  of  the  wire  of  a 
galvanometer  produced  an  electro-dynamic  effect  upon 
its  needle." 

But  the  question  occure.  What  is  the  genentl  law 
which  determines  the  direction  of  electric  currents 
thus  produced  by  the  joint  effects  of  motion  and 
magnetism  I  Nothing  but  a  peculiar  steadiness  and 
clearness  in  his  conceptions  of  siiace,  could  have  en- 


8? 

I  Mr.  Fftnwlay  to  detect  the  law  of  this  plie- 
.  For  tlie  questioD  required  that  he  should 
e  the  mutual  relationa  iu  apace  which  connoct 
letic  poles,  the  position  of  the  wire,  the  direa- 
F  the  wire's  motioo.  tiiid  the  clectricnl  ourreat 
iduoed  in  it.  Thia  was  uu  easy  prablem ;  iuUoed, 
B  relation  of  the  tnaguetic  to  the  electrio  forces, 
e  aet  being  perpend icuhu-  to  the  other,  is  of  itself 
fficdent  to  [leriilex  the  mind;  as  wo  hHve  h 
history  of  the  eleotrodynaoiical  discoveries.  But  Mr. 
Faraday  appears  to  have  seized  at  once  the  law  of  the 
pbenomeiia.  'The  relation,'  he  attys,'-  'which  holds 
betwren  the  ma^ctic  pole,  the  moving  wire  or  metal, 
uid  the  direction  nf  the  current  evolved,  is  very  simple 
{•o  it  seemed  to  him),  although  rather  dJIficult  to 
ejcpreaa.'  He  represents  it  by  reforruig  position  and 
motion  to  the  'magnetic  curves,'  which  go  from  a 
■nagoetic  pole  to  the  op]joaite  pole.  The  current  in 
the  wire  sets  one  way  or  the  other,  according  to  the 
rctioo  in  which  the  motion  of  the  wire  cuta  these 
And  thuB  he  was  enabled,  at  the  end  of  his 
Bond  Series  of  Hegearcka  (December,  1831),  to  give, 
Egener&l  terrnu,  the  law  of  nature  to  which  may  be 
I6ferrei]  the  extraordinary  number  of  new  and  curious 
experimenUi  which  he  has  stated;'^ — namely,  that  if  a 
wire  move  ao  as  to  cut  a  magnetic  curve,  a  power  is 
called  into  action  which  tends  to  ui^  a  magnetic 
current  through  the  wire;  and  that  if  a  mass  move 
90  that  its  parts  do  not  move  in  the  same  direction 
across  the  magnetic  curves,  and  with  the  same  angular 
velocity,  electrical  currents  are  called  into  play  in  the 

This  rule,  thus  simjile  from  ite  generality,  though 
inevitably  complex  iu  every  special  case,  may  be  looked 
npon  as  supplying  the  first  demand  of  philo30]>hy,  the 
law  of  tlie  phenomena;  and  accordingly  Dr.  Faraday 
haa,  in  all  his  subsequent  reseurchua  on  magneto- 
electric  induction,  applied  this  law  to  his  experiments ; 


I 


I  thereby  1 
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I   amount  of 
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apparent  iu consistency  and  confasion,  for  those  vho 
have  followed  him  in  his  mode  of  conceiTiug  the 
subject 

But  yet  other  philosophers  have  regarded  these 
phenomena  in  other  points  of  view,  and  have  stated 
the  lawH  of  the  phenomena  in  a  manner  different  from 
Faraday's,  although  for  the  moat  part  equivalent  to 
his.  And  tlieae  attempts  to  express,  in  the  most  simple 
and  general  form,  the  law  of  tlie  phenomena  of 
magneto -electrical  induction,  have  natui-olly  been  com- 
hined  with  the  expression  of  other  laws  of  electrical 
and  magnetical  phenomena.  Further,  these  endeavours 
to  connect  and  generalize  the  Facts  have  naturally 
been  clothed  in  the  garb  of  various  Tlieories : — the  lawi 
of  phenomena  have  been  expressed  in  terms  of  the 
supposed  cauaesoftkeph&iomnia;  us  fluids,  attractions 
and  repulsions,  particles  with  currents  running  through 
them  or  round  them,  physical  lines  of  force,  and  &e 
like.  Such  views,  and  the  conflict  of  them,  are  the 
natural  and  hopefiil  prognostics  of  a  theory  which 
shall  harmonize  their  discords  and  include  all  that  each 
contains  of  Truth.  The  fermentation  at  present  is 
perhaps  too  great  to  allow  us  to  see  cleai'ly  the  truth 
which  lies  at  the  bottom.  But  a  few  of  the  leading 
points  of  recent  discussions  on  these  subjocts  will  be 
noticed  in  the  Additions  to  this  voluma 


CHAPTER  IX. 

TEAUBlTiOS   TO   CUEHICAL   SciENCE. 

THE  preceding  tmn  of  generalization  may  justly 
appear  est^nsive,  and  of  itself  well  worthy  of 
admimtion.  Yet  we  are  to  coaaider  all  that  lias  there 
been  established  as  only  one-half  of  the  e 
which  it  belongs, — one  limb  of  the  colossal  form  of 
Chemistry.  We  have  ascertained,  we  wUl  suppose, 
the  laws  of  Electric  Polarity ;  but  we  have  then  to 
aak.  What  is  the  relation  of  this  Polarity  to  Chemical 
Composition  ?  This  was  the  great  problem  which, 
constAntiy  present  to  the  minds  of  electro-chemical 
inqnirers,  drew  them  on,  with  the  prom' 
deep  and  comprehensive  insight  into  the  mechanism 
of  nature.  Long  tanks  of  research,  though  only  sub- 
flifliary  to  this,  were  cheerfully  undertaken.  Thus 
Fanday'  describes  himself  as  com|)elled  to  set  about 
aatiafying  himself  of  the  identity  of  common,  animal, 
and  voltaic  electricity,  as  '  the  decision  of  a  doubtful 
point  which  interfered  with  the  extension  of  his  views, 
and  destroyed  the  strictness  of  reasoning.'  Having 
established  this  identity,  he  proceeded  with  his  grand 
undertaking  of  electro-chemical  research. 

The  connexion  of  electrical  cun-enta  with  chemical 
action,  though  kept  out  of  sight  in  the  account  we 
have  hitherto  given,  was  never  forgotten  by  the  experi- 
menters; for,  in  fact,  the  modes  in  which  electrical 
currents  were  excited,  were  chemical  actions; — the 
action  of  acids  aud  metals  on  each  other  in  the  voltaic 
trough,  or  in  some  other  form.  The  dependence  of 
the  electrical  effect  on  these  chemical  actions,  and  still 
more,  the  chemical  actions  produced  by  the  agency  of 
the  poles  of  the  circuit,  had  been  carefully  studied; 
and  we  must  now  relate  with  what  success. 

Bat  iu  what  terms  shall  we  present  this  narration] 
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^H  We  have  spoken  of  chemical  actions, — but  what  kind 

^H  of  actions  are  ttiesel     Dcaomposilio'n ;  the  reaoliUion 

^H  of  coQipouudu  into  their  ingredieuts;  the  separatiou  of 

^H  CKtds  from  btues;  the  reduction  of  bodies  to  itimple 

^H  elements.     These  ntimea  open  to  us  a  new  drama;  thej 

^H  are  words  which  belong  to  a  different  set  of  relationa 

^H  of  thiugs,  a  different  train  of  scientific  inductions,  a 

^H  different  system   of  generalizations,  from   any  with 

^K  which  we  have  hitlierto  been  concerned.     We  must 

^K  learn   to  under.'stand   these   phrases,    before   we   can 

^1  advauce  in  our  history  of  human  knowledge, 

^f  And  how  are  we  to  learn  the  meaning  of  this  col- 

lection of  words  1  In  what  other  language  shall  it  be 
explained  1  In  what  terms  shall  we  defiue  these  new 
expressionsl  To  this  we  are  compelled  to  reply,  that 
we  cannot  translate  these  terms  into  any  ordinary 
language; — that  we  cannot  defiue  them  in  any  terms 
already  fauiiliar  to  us.  Here,  as  in  all  other  bi-auchea 
of  knowledge,  the  meaning  of  words  is  to  be  sought  in 
the  progress  of  thouglit;  the  history  of  science  is  our 
dictionary;  the  steps  of  scientific  induction  are  our 
definitions.  It  is  only  by  going  back  through  the 
successful  researches  of  men  respecting  the  composition 
and  elements  of  bodies,  that  we  can  leam  in  what 
sense  such  terms  must  be  understood,  so  as  to  convey 
real  knowledge.  In  order  that  they  may  have  a 
meaning  for  us,  we  must  inquire  what  meaning  they 
had  in  the  minds  of  the  authors  of  our  discoveries. 

And  thus  we  cannot  advance  a  step,  till  we  have 
brought  up  our  history  of  Chemistry  to  tlie  level  of 
our  history  of  Electiicity; — till  we  have  studied  the 
progress  of  the  analytical,  as  well  as  the  mechanical 
sciences.  We  are  compelled  to  pause  and  look  back' 
wards  here;  Just  as  happened  in  the  history  of  astro- 
nomy, when  we  arrived  at  the  brink  of  the  great 
mechanical  inductions  of  Newton,  and  found  that  w8 
must  trace  the  history  of  Mechanics,  before  we  could 
proceed  to  mechanical  Astronomy.  The  terms  '  foroe^ 
attraction,  inertia,  momentum,'  sent  us  back  into  pre- 
ceding centuries  then,  just  aa  the  terms  '  composition' 
and  '  element'  send  us  back  now. 
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Kor  b  it  to  a  small  extent  that  we  have  thus  to 
doable  back  upon  our  past  advance.  Next  to  A^ro- 
Domjr,  Chemistry  is  one  of  the  most  anciont  of  Bciencea ; 
— the  field  of  the  earliest  attempts  of  man  to  command 
knd  tmderstand  natura  It  has  held  men  for  centuries 
b;  a  kind  of  fiiscination ;  and  innumerable  and  endless 
ue  the  varied  labours,  the  failures  and  BUccessea,  the 
speculations  and  conclusions,  the  strange  pretences  and 
fantasticHl  dreams,  of  those  who  have  pursued  it  To 
nchibit  all  these,  or  give  anj  account  of  them,  would 
be  impossible;  and  for  our  design,  it  would  not  be 
pertinent.  To  extract  from  the  mass  that  which  is 
to  oar  purpose,  is  difficidt;  but  the  attempt  must  be 
made.  We  must  endeavour  to  analyse  the  history  of 
Chemistry,  so  far  as  it  has  tended  towards  the  esta- 
blishment of  general  principles.  We  sbaU  thus  obtain 
■  sight  of  generalizations  of  a  new  kind,  and  shall 
prepare  ourselves  for  others  of  a  higher  order. 
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Soon  Had  his  crew 

Opened  into  the  hill  a  spacioiu  wound, 
And  digged  out  rihe  of  gold    •     .     .     • 
Anon  out  of  the  earth  a  fabric  huge 
Rose  like  an  exhalation  with  the  eoond 
Of  dulcet  symphonies  and  Toioes  sweet, 
Boilt  like  a  temple. 

Milton.    Paradise  Lost,  I 
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ImFBOTEKESTT    07    THE   NoTION   OF   Chemical   Ana- 
tTBIS,  AND  ReCOGSITIOS  OP  IT  AS  THE  SpAOIOtC  ART. 

THE  doctrine  of  '  the  four  elements'  is  one  of  the 
oldest  monumenla  of  man's  Bpeculative  natare; 
goes  back,  perhaps,  to  times  anterior  to  Greek  pbi- 
loeopby;  and,  as  the  doctrine  of  Aristotle  and  Gftlen, 
reigned  for  fifteen  hundred  yeara  over  the  Gentile, 
ChristinD,  and  Mohammed&n  world.  In  medicine, 
taught  as  the  doctrine  of  the  four  '  elementary  qua- 
IHi^*  of  which  the  human  body  and  all  other  eub- 
■tances  are  compounded,  it  had  a  very  powerful  aad 
BztaDsive  infiuence  upon  medical  practice.  But  this 
doebiDe  never  led  to  any  attempt  actually  to  analyse 
bodies  into  their  supposed  elements;  for  composition 
TM  inferred  from  the  resemblance  of  the  qualities,  not 
from  the  separate  exhibition  of  the  ingredients;  the 
(apposed  Aoalyeis  was,  in  short,  a  decomposition  of  the 
body  into  adjectives,  not  into  subetaace?. 

This  doctrine,  therefore,  may  be  considered  aa  a 
negative  stAle,  antecedent  to  the  very  beginning  of 
chemistry;  and  some  progress  beyond  this  mere  nega- 
ti«L  waa  made,  as  soon  as  men  began  to  endeavour  to 
compoond  and  decompound  Hubstaoces  by  the  use  of 
fire  or  mixtore,  however  erroneouii  might  be  the 
Hiinions  and  exjiectations  which  they  combined  with 
their  attempts.  Alchemy  ia  a  step  in  chemistry,  so 
&r  as  it  implies  the  recognition  of  the  work  of  the 
enpel  and  the  retort,  as  the  produce  of  analysis  and 
■fntheaia.  How  perplexed  and  perverted  were  the 
farms  in  which  this  recognition  was  clothed, — how 
mixed  np  with  mystical  follies  and  extravagancies,  ws 
have  already  seen;  and  the  share  which  Alchemy  had 
in  Uieformation  of  any  sounder  knowledge,  is  not  such 
IB  to  justify  any  further  notice  of  that  pursuit 

-The  result  of  the  attempts  to  analyse  bodies  by 
beat,  mixture,  and  the  like  processes,  was  the  doctrine 
that  the  first  principles  of  things  are  three,  not  four  j 
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^1  sanely,  itdl,  svtphur,  and  mercury;  and  tbat,  of  theso 

^m  three,  all  things  aro  compouniled.     In   reality,  tLe 

^1  doctrine,  as  thus  stated,  contained  no  truth  which  was 

H  of  any  value;  for,  though  the  chembt  could  extract 

H  from  most  bodies  portions  which  lie  called  salt,  and 

H  sulphur,  and  mercury,  these  names  were  given,  rather 

H  to  save  the  hypothesis,  than  because  the  substances 

H  were  really  those  usually  so  called:  and  thus  the  sup- 

V  posed  analyses  proved  nothing,  as  Boyle  justly  urged 

against  them.' 

The  only  real  advance  in  chemical  theory,  therefore, 
which  we  can  ascribe  to  the  school  of  lAe(Areepr«nnpfe*, 
as  compared  with  those  who  held  the  ancient  dogma 
of  the  four  elements,  is,  the  acknowledgment  of  the 
changes  produced  by  the  chemist's  operations,  as  being 
changes  which  were  to  be  acoounted  for  by  the  unioa 
and  separation  of  substantial  elements,  or,  as  they  were 
sometimes  called,  of  hypontatioal  privatples.  The  work- 
men of  this  school  acquired,  no  doubt,  a  considerable 
acquaintance  with  the  results  of  the  kinds  of  processes 
which  they  pursued  ;  they  applied  their  knowledge  to 
the  preparation  of  new  medicines;  and  some  of  them, 
as  Paracelsus  and  Van  Helmont,  attained,  in  this  way, 
to  great  fiime  and  distinction :  but  their  merits,  as 
regards  theoretical  chembtry,  consist  only  in  a  truer 
conception  of  the  problem,  and  of  the  mode  of  attempt- 
ing its  solution,  than  their  predecessors  had  entertained. 
This  step  is  well  marked  by  a  word  which,  about  bha 
time  of  which  we  speak,  was  introduced  to  denote  tha 
chemist's  employment.  It  was  called  the  Spa^rie  art, 
(often  misspelt  Spagyric,)  from  two  Greek  words,  (vrAu, 
dyilpa),)  which  mean,  to  g^arale  parts,  and  to  unttg 
them.  These  two  processes,  or,  in  more  modem  lan- 
guage, awdy&ia  and  ayntlieiia,  constitute  the  whole 
business  of  the  chemist.  We  are  not  making  a  &noiflil 
arrangement,  therefore,  when  we  mark  the  recognition 
of  this  object  as  a  step  in  the  progress  of  chemistry.  I 
now  proceed  to  consider  the  manner  in  which  the 
conditions  of  this  analysis  and  synthesis  were  furJhar 
developed. 

*  Bliaw^Boyl*.    atq^ieat  ChywM.ps.  lii,  Ji] 
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CHAPTER  II. 
DocTUNE  or  Acid  and  Alkali. — SrLvrua. 


AMONG  the  results  of  mixture  obaei-ved  by  chemietc^ 
wrr«  many  iustanc(.-8  iu  which  twa  ingredients,  each 
b  ttaelf  {luugeiit  or  destructive,  Leiiig  put  together, 
Viecame  mild  and  iuoj)erative ;  each  counteracting  aud 
neutralizing  the  activity  of  the  otlier.  The  uotion  of 
tnch  opposition  and  neutrality  in  applicable  to  a  very 
sriJe  niDge  of  chvniical  procesBes,  The  person  who 
>ppeara  tirst  to  have  steadily  seized  and  generally 
hjiplied  tliis  nation  is  Francis  de  ta  Boi  Sylvius ;  who 
waslwru  ID  i6t4,andproctiacd  medicine  at  Amsterdam, 
with  a  miccess  nod  reputation  which  gave  grtiat  cui^ 
naay  to  bia  opinions  on  that  art.^  His  chemical 
tbaoricH  were  pro))ounded  as  subordinate  to  his  medical 
iootrinea;  and  from  being  thus  presented  under  a 
taotl  important  practical  aspect,  excited  &r  more  atten- 
tioD  tliHii  mere  theoretical  opinions  on  the  composition 
of  bodies  could  have  done.  Sylvina  is  spoken  of  by 
historiacfl  ofscience,  as  the  founder  of  the  iatro- chemical 
Kct  among  physiciaus;  that  is,  the  sect  which  considers 
the  disorders  in  the  human  frame  as  the  effects  of  che- 
mical relations  of  the  flnids,  and  applies  to  them  modes 
of  cure  founded  upon  this  doctrine.  We  have  hero 
to  Hjieak,  nut  of  bis  phyaiulogical,  but  of  his  chemical. 

The  distinction  of  aeid  and  alkaline  bodies  {acidum, 
lidvuni)  was  fatniliar  before  the  time  of  Sylvius;  but 
be  trained  a  system,  by  considering  them  both  aa  emi- 
nently acrid  and  yet  opposite,  and  by  applying  this 
notion  to  the  human  frame.  Thus'  the  lymph  contains 
&ti  acid,  the  bile  an  alkaline  salt.  The^  two  opposite 
acrid   MubBtancea,  when   they  are  brought  together. 


'  SpntiK^'.     GachJchle  der  . 

IM^  n/ CknhtUrg  In  Ibe  coir*»pi 

•  IM  Uflhodo  Utdredi,  Ami! 


traifj/lnndt.  IQl.  iT.     Thonwonl  flfc- 
iit7«.     Lib.  ki.cap.iS.BCcU.B  udSJ. 
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TietUralhe  each  other  {in/ringUTii),  and  are  changed 
into  an  intermediate  and  milder  substance. 

The  progress  of  this  doctrine,  aa  a  physiological  one, 
is  an  important  part  of  the  history  of  medical  science  in 
the  seventeenth  century ;  but  with  that  we  are  not  here 
GODcerned.  But  as  u  chemical  doctrine,  this  notion  of 
the  opposition  of  acid  and  alkali,  and  of  its  rery  general 
applicability,  struck  deep  root,  and  has  not  been  eradi- 
cated up  to  our  own  time.  Bojle,  indeed,  whose  dis- 
position led  him  to  suspect  all  generalities,  expressed 
doubts  with  regard  to  this  view;^  and  argued  that  the 
supposition  of  acid  aud  alkaline  parts  in  all  bodies  was 
precarious,  their  offices  arbitraiy,  and  the  notion  of 
them  unsettled.  Indeed  it  was  not  difficult  to  show, 
that  there  was  no  one  certain  criterion  to  which  all 
supposed  acids  conformed.  Yet  the  general  conception 
of  such  a  combination  as  that  of  acid  and  alkali  was 
supposed  to  be,  served  so  well  to  express  many  chemical 
facte,  that  it  kept  its  ground.  It  is  found,  for  instance, 
in  Lemery's  CJismiatry,  which  was  one  of  those  in  most 
general  use  before  the  introduction  of  the  phlogistic 
theory.  In  this  work  (which  was  translated  into 
English  by  Keill,  in  1698)  we  £ud  alkalies  denned  by 
their  effervescing  with  acids.*  They  were  distinguished 
as  the  TntTi«rti/ alkali  (soda),  the  ire^eto^  alkali  (patassaV 
and  the  volatile  alkali  (ammonia).  Again,  iu  Macquers 
ChemUtry,  which  was  long  the  test-book  in  Kurope 
during  the  reign  of  phlogiston,  we  find  acids  and 
alkalies,  and  their  union,  in  which  they  rob  each  otlier 
of  their  characteristic  properties,  and  form  neutral 
salts,  stated  among  the  leading  principles  of  the  science.' 

In  truth,  the  mutual  relation  of  acids  to  alkalies  was 
the  most  essential  part  of  the  knowledge  which  chemists 
possessed  concerning  them.  The  importance  of  this  re- 
lation arose  from  its  being  the  firot  distinct  form  in 
which  the  notion  of  chemical  attraction  or  affinity  ap- 
peared. For  the  acrid  or  caustic  character  of  acids  and 
alkalies  is,  iu  fuct,  a  tendency  to  alter  the  bodies  they 


's  Boi/lt,  111.  p  4!i. 
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1,  knd  thus  to  alter  themselves;  and  the  neutral 
icter  of  the  compouncU  is  the  a1it«ence  (if  aiiy  such 
proclivity  to  chauge.  Acids  and  alkalies  have  a  strong 
dispo^tioa  to  unite.  Tbey  comViine,  often  with  rebe- 
menoe,  and  produce  nentral  satta ;  they  eihiliit.  in  short, 
a  prominent  exnniple  of  the  chemical  attraction,  or 
affinity,  br  which  two  ingreilients  are  fonaul  into  a 
oampound.  The  relation  of  itdd  and  bage  iu  &  salt  is, 
to  thia  day,  one  of  the  main  grounds  of  all  theoretical 


The  more  distinct  (Jevelopment  of  the  notion  01 
suth  chemical  attraction,  gradually  made  ite  way  among 
tbe  ehemi«t«  of  the  latter  part  of  the  Besciiteenth  and 
Iwginning  of  the  eighteenth  century,  as  we  may  see  in 
the  writings  of  Boyle,  Newton,  and  tlioir  followers, 
Bowher  speaks  of  this  attraction  a.s  a  mtujnttUm;  but 
1  do  not  know  that  any  wnter  in  particular,  can  be 
[I'lintcd  out  as  the  person  who  firmly  established  tbe 
i;>.iiepftl  notion  of  rJir.miatl  attraetion. 

But  tbia  Idea  of  chemical  attraction  became  both 
nore  clear  and  more  extensively  ajipliqable,  when  it 
tBHiraed  tbe  form  of  tbe  doctrine  of  «/«cfi't)e  attractiooa, 
in  which  ahape  we  must  now  B|>eak  of  it. 


r 
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Doctrine  of  Elective  Atthactiohs. 
Geoffjioy,     Bj:euman. 
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^H  rilHOUGH  the  diemical  combiDations  of  bodies  had 

^M  JL    alreaily  been  reftri-ej  to  atti'oclioD,  in  »  vagne 

^B  and  general  muriner,  it  was  impossible  to  explain  ths 

^M  chaogeR  tliat  ta.ku  place,  without  snppoaiog  the  attroo- 

^P  tion  to  be  greuter  iir  less,  Bccordiag  to  the  nature  of 

H  the  body.     Yet  it  was  some  time  before  the  uecesaity 

of  Eui^h  a  supposition  was  cleai'ly  seen.  In  tbeliuitoiy 
of  the  French  Academy  for  171^  (]>ullitilic(l  17 19),  tlie 
writer  of  the  introductory  notice  (probably  Fontenelle) 
says,  '  Tliat  a  body  which  u  united  to  another,  for 
example,  a  solvent  whioh  lias  penetrated  a  metal, 
should  quit  it  to  go  and  unite  itself  with  another 
which  we  present  to  it,  is  a  thi'ig  of  w]iich  the  possi- 
bility had  never  been  guessed  by  the  mo»t  subtle 
philosophei-a,  and  of  which  tho  explanation  even  now 
is  not  easy.'  The  doctrine  had,  iu  fact,  been  stated 
by  Stshl,  but  the  assertion  just  quoted  shows,  at  least, 
that  it  was  not  familiar.  The  principle,  however,  is 
very  cleared  stated'  in  a  memoir  in  the  same  volume, 
by  Geoffroy,  a  French  physician  of  great  talents  and 
varied  knowledge.  '  We  observe  in  chemistry ,'  he 
says, '  certain  relations  amongst  different  bodies,  which 
cause  them  to  unite.  These  relations  have  thmr 
degreei  and  their  littva.  We  observe  their  different 
d^rees  in  this ; — that  among  diSei'eut  matters  jumbled 
together,  which  have  a  certain  disposition  to  unite,  we 
find  that  one  of  these  nubstaoces  always  unites  con- 
stantly with  a  certain  other,  prefei-ably  to  all  the  rest.' 
He  then  states  that  those  which  unito  by  preference, 
have  '  plus  de  rapport,'  or,  according  to  a  phrase  after- 
wards used,  more  ojlniii/.  '  And  I  have  satisfied 
myself,'  he  adds,  '  that  we  may  deduce,    from  tJiese 


tUft  OM  of  hii  Mblc     b   wi 

Ao   wnrb    on  efcemiiarT.      F>k 

*  ph  L  r    it  ftt  Ifce  ad  d<  lua'  tvmk : 

'cs  b«  of  grant  n*  m  the  end  of  and 
tt,  M  it  enllcett  hao  one  pont  of  t 
ttatiai  and  fandMaenlal  doctnnos  w 
1  thnrngh  the  vcw^' 

MUetive  A  Uraetumt,  an  tk<u  proi 
Mitsiiml  Ki  large  a  msM  of  truth,  that  it  wwi 
loaljr  iliaki^n,  though  it  rn)uinKl  furthur 
it  and  cniTL-ctiou.  tu  [MrtionUr  tli«  ntl*- 
rofkofTorbern  Bvrgmaa,  profi-wur  nt  Ujiwlit, 
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On  Elective  Allracliovs,  pnblinhed  in  1775,  iutroduced 
into  it  luuterial  improvenieota.  Bei-gmuD  observed, 
that  not  Dtiljr  the  order  of  attractions,  but  tlie  sum  of 
those  atti-nctlnns  which  had  to  form  tht:  new  conipoundi^ 
must  be  taken  nccoiint  of,  in  order  to  judge  of  the 
result.  Thus,*  if  we  have  a  combination  of  two  ele- 
ments, /*.  H,  (pota»sa  and  vitriolic  acid,)  and  another 
combination,  L,  m,  (Hme  and  muriatic  acid.)  thoagh  a 
baa  a  giealer  affinity  for  /*  than  for  L,  yet  tlie  earn  of 
the  attnittion?  oi  P  to  m,  and  of  L  to  s,  is  greater 
than  that  uf  the  original  compounds,  and  therefore  if 
the  two  conihinatious  ave  brought  toguther,  the  new 
compoundH.  P,  m,  and  L,  s,  are  formed. 

The  Tiible  of  Elective  Atti-actionn,  modified  by  Berg- 
man  in  pui'suiince  of  these  views,  and  L-orrected  accord- 
ing to  the  advanced  knowledge  of  the  time,  became 
still  more  impoftaut  than  before.  The  next  step  was 
to  take  into  account  the  quantities  of  the  elements 
which  combined;  but  thin  leads  us  into  a  new  trun 
of  investigation,  which  was,  indeed,  a  natural  sequel 
to  the  researchta  of  Geoffroy  and  Bergman. 

Id  1803,  however,  a  chemiitt  of  great  eminence 
Berthollet,  published  a  work  (Sasai  de  ^Catique  Chi- 
mique),  the  tendency  of  which  Hppeared  to  be  to  throw 
theHubjectliack  into  the  condition  in  which  it  had  been 
before  Geoffroy.  For  Berthollet  maintained  that  the 
rulea  of  chemical  combination  were  not  definite,  and 
depen<lent  on  the  nature  of  tlie  8nl)stances  alone,  but 
indefinite,  depending  on  the  quantity  present,  and 
other  circumstances,  Proust  answered  him,  and  as 
Berzeliiis  says,*  '  Berthollet  defended  himself  with  an 
acuteness  which  makes  the  reader  hesitate  in  hia  judg- 
ment; but  the  great  mass  of  facts  finally  decided  the 
point  in  favour  of  Pronat.'  Before,  however,  we  trace 
the  result  of  these  researches,  we  must  connider  Che- 
mistry aa  extending  her  inquiries  to  combustion  as 
well  aa  mixture,  to  airs  as  well  as  fluids  and  solids,  and 
to  weight  Hs  well  as  quality,  These  three  steps  we 
sliall  now  briefly  treat  of. 

*  Eirct.  AUrad.,  p   19.  *  CAfln.,  t.  Hi.  p.  13. 


I  Docrsus  or  AotHFicATiox  ±sd  Oonbcstios. 

pHUMlISTtt:   TUEt 

"iCBUCjkTtOy  of  tkt  Theory  by  B^edun-  atui 
'4. — It  will  be  recollected  that  we  are  tracing 
f  of  the  prtxjrtds  only  of  Chemistry,  not  of 
r; — tbiit  we  &re  conc«rDetI  with  doctriiiea 
I  tbey  &re  tnie,  >ud  have  remaiueii  part 
eivetl  ejsteiD  of  chemical  truths.  The  Phlo~ 
pMieThrorr  waa  depoaeil  and  succeeded  by  the  Theory 
of  Ozy^u.  But  this  circuinstanoe  must  not  lead  ua 
to  overlook  the  reallj  sound  aud  permanent  part  of  (he 
opioiunB  wliich  the  founders  of  the  phlogistic  tlieorjr 
taught.  They  brought  together,  as  processec  of  tbo 
same  kind,  a  number  of  changes  which  at  6xst  ap- 
peared to  have  nothing  in  common ;  aa  acIttiliuatioD, 
wmbustion,  respiratiou.  Kowthisclaicufication  is  true; 
•nd  its  iraportADce  remains  uudiminiahed,  whatever 
are  tLe  explknutions  which  we  ailo[>t  of  the  prooesMs 
themselree. 

Thn  two  chemists  to  whom  are  to  lie  ascribed  the 
merit  of  this  step,  aud  the  establishment  of  the  pldo- 
gittic  lAeort/  which  tliey  couiii>cted  with  it,  are  John 
Joachim  Beccher  and  George  Ernest  Stahl;  the  former 
of  whom  was  professor  at  Meutz,  and  physician  to  the 
Elector  of  Bavaria  (bom  i6}3,  died  1681);  the  latter 
was  professor  at  Halle,  and  afterwards  royal  phyuciaa 
■t  Berlin  (born  1660,  died  1734).  These  two  men, 
who  thus  contributed  to  a  oominon  purpose,  were  very 
different  from  each  other.  The  first  was  a  frank  and 
ardent  enthusiast  in  the  pursuit  of  chemistry,  who 
speaks  of  himself  and  his  eniploymeuts  with  a  commu- 
nicativeness and  alfection  both  amusing  and  eiigngiug. 
The  other  was  a  teacher  of  great  talents  and  iuHiieiici), 
Init  acoiued  of  haughtiuesa  aud  moroseuess ;  a  oharuclor 
*  "hich  is  well  borne  out  by  the  manner  in  which,  in 
>  writings,  he  auticijiutes  au  unfavourable  reception, 
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^H  kod  defies  it.     But  it  is  right  to  aild  to  this,  that  he 

^1  epeaka  of  Bnccher,  hia  pi%dece.s»or,  wiih  an  ungrud^'iiig 

^H  acknowled;^iient  of  oblif^ationn  to  him,  and  a  vclie- 

^M  ment  assertion  of  his  merit  h3  the  founder  of  tlie  true 

^M  STstem,  which   give   a  BtroD^  imjiressiou  of  Stahl's 

^M  justice  and  magnauimitf. 

^B  Beccher's  opinions  were  at  first  promulgated  rather 

^P  aaa  correctiou  thiiii  a  refutation  of  the  diH:ti'ine  of  the 

■^  three  principle!;,  Mitt,  Bul[ihur,  and  mei'cnry.   Tlio  main 

pectiliuiity  of  hia  views  consists  in  the  offices  which  he 
asci'ibea  lo  his  sulphur,  these  being  such  as  afterwards 
iuduced  Stahl  to  give  the  name  of  Phlogislon  to  this 
element.  Bcccher  had  the  sagacity  to  see  that  the 
reduction  of  metnls  to  an  earthj  foi'in  [caLc),  and  the 
formation  of  sulphuric  acid  from  sulphur,  aru  opera- 
tions connected  by  a  geneml  analogy,  as  being  alike 
i  processes  of  combustion.     Hence  the  metal  was  nup- 

posed  to  consist  of  nn  eai-th,  and  of  somi^hing  which, 
in  the  process  of  combiiatiun,  was  separated  from  it; 
and,  in  like  manner,  sidphur  was  supposed  to  consist 
of  the  sulphuric  acid,  which  remained  after  its  oom- 
bnstion,  and  of  the  combustible  part  or  true  snipbnr, 
which  flew  off  in  the  burning.  Beccher  insists  very 
distinctly  upon  this  difference  betw^m  his  element 
sulphur  and  the  '  sulphur"  of  his  Faracelsian  ]>rede- 
cessora. 

It  must  be  considered  as  indicating  great  knowledf^ 
and  talent  in  Stall),  ihat  ho  perceived  so  clearly  what 
part  of  the  views  of  Eeccher  was  of  general  truth  and 
pernianert  valu&  Thongli  he'  everywhere  gives  to 
Beccher  the  credit  of  the  theoretical  opinions  which 
he  promulgates,  ('  Becchenana  sunt  qure  profero,')  it 
aeeraa  certain  that  he  had  the  merit,  not  only  of  proving 
them  more  completely,  and  applying  them  more  widely 
than  his  forerunner,  but  also  of  conceiving  them  witli 
a  distinctness  which  Beccber  did  not  attain.  In  1697, 
appeared  Stahl's  Zymotechnia  Funclamentalit  (tba 
Doctrine  of  Fermentation),  '  ximulque  expenntetUum 
noctini  sulphur  verum  arte  produocndL'     In  thia  wo(' 
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(besides  other  tenet*  whieh  the  antlinr  conaidered  aa 
Tery  impurtAiit).  the  opinion  publiahed  hy  Btccherwaa 
Duw  mainlBioed  in  a  very  distinct  foi-m; — namely, 
that  the  proceaa  of  forming  sulpbur  from  Kulpliuric  acid, 
and  of  restoring  the  uletals  front  tlieir  uxlcea,  are 
analogous,  and  I'onsist  alike  in  the  addition  of  some 
coinbustible  element,  which  Stahl  termed  phlogiaton 
{^XoyiiTTuv,  eoinbtislibU).  The  experiment  most  insisted 
on  in  the  work  now  spoken  of,*  was  thu  formation  of 
sulphur  from  sul|ihate  of  potass  (or  of  soda)  by  fusing 
the  aalt  with  an  alkali,  and  tlirowing  in  coals  to  supply 
phlo^iaton.  This  is  the  'experitnentum  novum.* 
ThoDgh  Stdihl  published  an  account  of  tliia  process,  he 
Eeems  almost  to  have  re;^tted  his  openne^ts.  '  He 
denies  not,'  he  says,  'that  he  should  peradventnra 
bftre  dissembled  thiaexperimentna  the  true  foundation 
of  the  Becniierian  assertion  concerning  the  nature  of 
■ulphur,  if  he  hud  not  been  provoked  by  the  pretending 
arrogance  of  some  of  his  contein]>omrie8,' 

From  this  ticne,  Stahl's  contidence  in  his  theory 
may  be  traced  beooming  more  and  more  settled  in  hia 
■ncceeding  publioationa.  It  ia  hardly  neceraary  to 
ofaaervB  here,  that  the  explanations  whici)  his  theory 
gives  are  easily  transformed  into  tliose  which  the  more 
recent  theory  supplies.  According  to  modei-n  views, 
the  addition  of  oxygen  takes  place  in  the  fornmtion  of 
acids  and  of  calces,  and  in  combustion,  instead  of  the 
iubtractiou  of  phlogiston.  The  coal  which  Stahl  sup- 
posed to  supply  the  combustible  in  his  experiment, 
doea  In  fout  absorb  the  liberated  aiiygen.  In  like 
manner,  when  an  acid  corrodes  a  metal,  and,  according 
to  tlie  existing  theory,  combines  with  and  oxidates  it, 
St&hl  Bupposed  tliat  the  phlogiston  scpai-ated  from 
the  metal  and  combined  with  the  acid.  That  the 
explanations  of  the  phlogistio  theory  are  so  generally 
oapable  of  being  trauslated  into  the  oxygen  theory, 
merely  by  inverting  the  sup^ioued  trauHfur  of  the 
oombnstible  elumeut,  shows  us  bow  important  a  atep 
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the  sn-caUfd  Sulphur,  in  1718,  in  which  he  gave  (in 
German)  both  an  liistoriuiil  and  a  ayatematic  view 
of  hiK  opitibus  on  the  nature  of  salts  and  of  his 
Phlogiston. 

Reception  and  Ajipliaalwi  of  the  T/tforj/. — The 
theory  that  the  formation  of  sulphuric  acid,  and  the 
rextoration  of  niutaU  from  their  calces,  are  analogous 
processeii,  and  consist  in  the  addition  of  pbluffUton, 
was  soon  widely  received;  and  the  Phlogistic  t^hool 
■was  thus  established.  From  Berlin,  its  original  seat, 
it  was  diffused  into  all  parts  of  Europe.  The  general 
reception  of  the  theory  may  be  traced,  not  only  in  the 
use  of  the  term  'phlogiston,'  and  of  the  explanations 
which  it  implies;  but  in  the  adoption  of  a  nomen- 
clature founded  on  th(«e  esplanatiouB,  whieh,  though 
not  very  extensive,  is  sufficient  evidence  of  tlie  preva- 
lence of  the  theory.  Thus  when  Priestley,  in  1774, 
disoavered  oxygen,  and  when  Scheele,  a  little  later, 
discovered  chlorine,  these  gases  were  termed  dephlo- 
gieticated,  air,  and  ilephlogistirated  marine  ueid;  while 
azotic  acid  gas,  having  no  disposition  to  combustion, 
was  supposed  to  be  saturated  with  phlogiston,  and  was 
called  pJdoijUticaled  air. 

This  pliiiiseology  kept  its  ground,  till  it  was  expelled 
by  the  antiphlogistic,  or  oxygen  theory.  For  instance, 
Gaveudish'H  papera  on  the  chemistry  of  the  airs  are 
expressed  in  terms  of  it,  although  his  researches  led 
him  to  the  confines  of  the  new  theory.  We  must  now 
give  an  account  of  such  researches,  and  of  the  conse- 
quent revolution  in  the  science. 


CHAPTER   V. 
Chekistry  of  Gases. — Black.     Cavendisb. 


pHE  study  of  the  properties  of  aeriform  siiljBtances, 
r  Pneumatic  Clieniistry,  aa  it  was  culled,  occupied 
i  chemista  of  the  eiglitevntU  century,  and  was  the 
oocaaion  of  the  great  advaocea  wbicli  the  science 
I  at  that  period.  The  luoat  material  general 
B  which  came  into  view  in  the  course  of  these 
f Tniinirhrn.  were,  that  gases  were  to  be  numbered 
rntnong  the  conatitueat  elements  of  solid  and  flnid 
bodies ;  and  that,  in  these,  as  in  all  uther  casen  of  com- 
position, the  compound  was  equal  to  the  num  of  its 
alementB.  The  latter  proposition,  indeed,  cannot  be 
looked  upon  as  a  discovery,  for  it  had  been  frequently 
Acknowledged,  though  Utile  applied;  in  fact,  it  could 
not  be  referred  U)  with  any  advantage,  till  the  aeriform 
elements,  as  well  as  others,  were  taken  into  the  account. 
As  soon  OA  this  was  done.  It  produced  a  revolution  in 
chemistry. 

[and  Ed.]  [Though  the  view  of  the  mode  in 
which  gaseous  elcmeute  become  fixed  in  bodies  and 
determine  their  properties,  had  great  additional  light 
thrown  upon  it  by  Dr.  Black's  discoveries,  as  we 
ehall  see,  the  notion  that  solid  bodies  involve  such 
nseoDS  elements  was  not  new  at  that  period.  Mr. 
VemcKi  Harcourt  has  shown'  that  Nowton  and  Boyle 
admitted  into  their  speculations  airs  of  various  kinds, 
Ci^ble  of  fixation  in  bodies.  I  have,  in  the  succeeding 
chapter,  (Chap,  vi.)  spoken  of  the  views  of  Rey,  Hooke 
and  Mayow,  connected  with  the  function  of  uira  in 
chemistry,  and  forming  a  prelude  to  the  Oxygen 
Theory.] 

Notwithstanding  these  preludes,  the  credit  of  the 
first  great  step  in  pneumatic  chemistry  is,  with  justice 
1  to  Dr.  Black,  afterwai-ds  professor  at  Edin- 
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Ijurgh,  but  a,  yonng  man  of  the  age  of  twenty-four  at 
the  time  wheu.  he  made  his  discovery.'  He  found  that 
the  differeuce  between  caustic  lime  and  commoa  lime- 
atone  arose  from  tills,  that  the  latter  substance  coosista 
of  the  former,  combined  with  acertain  air,  which,  being 
thaa  fixed  in  the  solid  body,  he  called  ^xed  air  (car- 
bouic  acid  gas).  He  found,  too,  that  m^nesia,  caustic 
potash,  and  caustic  eoda,  would  combine  with  the  same 
air,  with  atniilar  results.  This  discovery  consisted,  of 
course,  in  a  new  interpretation  of  observed  changes. 
Alkalies  appeared  to  bo  made  caustic  by  contact  with 
quicklime:  at  first  Black  imc^ined  that  they  under- 
went this  change  by  acquiring  igneous  matter  from 
the  quicklime;  but  when  he  perceived  that  the  lime 
gained,  not  lost,  in  magnitude  as  it  became  mild,  he 
rightly  eupposed  that  the  alkalies  were  rendered  canstic 
by  imparting  their  air  to  the  lime.  This  discovery 
was  announced  in  Black's  inaugural  dissertation,  pro- 
nounced in  1755,  on  the  occasion  of  his  taking  his 
degree  of  Doctor  in  the  University  of  Edinburgh, 

The  chemistry  of  airs  was  pursued  by  other  experi- 
menters. The  Honourable  Honry  Cavendish,  about 
1765,  invented  an  apparatus,  in  which  aerial  fluids  are 
confined  by  water,  so  that  they  can  be  mantled  and 
examined.  This  hydro-pueumatic  apparatus,  or,  as  it 
is  sometimes  called,  thepneitmalie  trough,  &om  that  time 
was  one  of  the  most  indisperLsahle  parts  of  the  cliemist'a 
apparatus.  Cavendish,*  in  1766,  showed  the  identity 
of  the  properties  of  fixed  air  derived  from  various 
sources;  and  pointed  out  the  peculiar  qualities  of 
infiammahle.  a\r  (afterwards  called  hydrogen  gao),  which, 
being  nine  times  lighter  than  conimon  air,aoon  attracted 
general  notice  by  its  employment  for  raising  balloons. 
Thepromiseof  discovery  which  this  subject  now  offered, 
attracted  the  confident  and  busy  mind  of  Priestley, 
whose  Bxperimenii  and  Observations  on  different 
kinds  o/Air  appeared  in  1744-79.  I1  these  volurara, 
he  describes  an  extraordinary  number  of  trials  of 
'  ins  kinds;  the  results  of  which  were,  the  discovery 
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nf  new  IcinJa  of  air,  nftinely,  pMogi»ticited  air  (azotic 
gns),  nitnrut  air  (oilroud  gnu),  and  dfplUuijieticatcd  avr 
(oxygon  gas). 

Biitthediscorery  nf  new  substances,  tlioiigh  valiiftble 
in  sui^lying  cliamiHtr;  wiili  mnlorials,  wh^  iiot  so  im- 
portant u  discoverie*  respecting  their  tuodeN  of  com- 
position. Among  such  discr)verie9,  CliKt  of  Caveodieli, 
pnbliahc-d  in  the  PUilosopkieal  Traiuactiotis  for  1784, 
uid  disclosing  the  comjiot^ition  of  water  by  the  union 
of  two  lenses,  oxygen  and  hydrogen,  tnnst  be  coiiAidered 
as  holding  a  ino»t  dist.ingiiislied  place.  He  states,* 
that  'hill  experiments  wore  made  prinoip^lly  with  a 
view  to  find  ont  the  cauiie  of  the  diminution  whieh 
common  air  is  well  knnwu  to  tniifer,  by  all  the  various 
wayn  in  which  it  i»  ijltlogisticated.'  Ami,  alter  de- 
srrihing  various  uunuooessful  attempts,  he  finds  that 
when  inflammable  air  ia  iwed  in  this  phloginiication 
(or  burning),  the  diminution  of  the  uommoii  air  is 
acoomimiiied  by  the  furmatiou  of  a  dew  in  tliu  appara- 
tus.* And  thuKheinfein'  that 'almost  iilt  the  inflam- 
mable air,  anil  one-KtUi  <jf  the  common  uir,  are  turned 
into  pure  water.' 

LAvoisier.to  whose  researches  tliia  reanlt  was,  as  we 
shall  »oon  see,  very  impr-iiant,  was  employed  in  a 
mmil«r  attempt  at  the  same  time  (1783),  and  had 
already  sucoewled,'  when  he  k'arned  fmrn  Dr.  fitagden, 
who  was  present  at  the  eKperiiuc-iit,  tliat  C'HVendJsh 
had  made  the  discoveiy  a  few  months  snoner,  Monge 
had.  about  the  same  time,  made  the  Hitrue  i'X[>erinients, 
and  communicated  the  result  to  Laviiiaierand  Laplace 
immediately  afterwards.  The  Hyntliesis  whs  soon 
cnnfirmed  by  a  correiponding  annlysis.  Indeed  the 
discovery  nndijnbte<lly  lay  in  ihe  direct  piith  of  ch&- 
mical  research  at  tire  time.  It  was  <if great  consequence 
in  the  view  it  gave  of  experiments  iti  oomi-OHition ; 
for  the  small  quantity  of  waler  produced  in  many  such 
processes,  hud  been  quite  overlooked;  thongli,  as  it 
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now  appeared,  this  water  oflVred  the  key  to  the  w 
interpretation  of  the  change. 

Though  some  olijectiona  to  Mr.  Cavendiah'a  '< 
■were  offere;!  by  Kirwan,"  on  the  whole  they  i 
generally  received  with  assent  and  admiratioD. 
the  bearing  of  these  disooveriea  npon  the  new  thi 
of  Lavoisier,  who  rejected  phlogiston,  was  so  cloee, 
■we  cannot  further  traws  the  history  of  the  subject » 
out  proceeding  immediately  to  that  theory. 

[and  Ed.]  [I  have  elsewhere  stated,* — ^with  refer 
to  recent  attempts  to  deprive  Cavendish  of  the  cr 
of  his  discovery  of  the  compoaitiou  of  water,  aui 
transfer  it  to  Watt, — that  Watt  not  only  did 
anticipate,  but  did  not  fully  appreciate  the  disco' 
of  Cavendish  and  Lavoisier ;  and  I  have  expressed 
concurrence  with  Mr,  Vernon  Harcourt's  views,  w 
he  says,'"  that '  Cavendish  pared  off  fixim  the  cun 
hypotheses  their  theory  of  combustion,  and  t 
affinities  of  imponderable  for  ponderable  matter 
complicating  chemical  with  physical  consideratit 
and  ho  then  corrected  and  adjusted  them  with  ai 
rable  skill  to  the  actual  phenomena,  not  binding 
&cts  to  the  tlieory,  but  adapting  the  theory  to  the  & 

1  conceive  that  the  discussion  which  the  subject 
recently  received,  has  left  no  doubt  on  the  mind  of 
one  who  has  perused  the  documents,  that  Cavern 
is  justly  entitled  to  the  honour  of  this  diacovery,  wl 
in  his  own  time  was  never  contested.  The  publicat 
of  his  Journals  of  Experiments"  shows  that  he  i 
ceeded  in  establishing  the  point  in  question  in  J 
1781,  His  experiments  are  referred  to  in  an  absti 
of  a  paper  of  Priestley's,  made  by  Dr.  Maty, 
secretary  of  the  Royal  Society,  in  June,  1783. 
June,  1783, also,  Dr.  Blagden  communicated  there 
of  Cavendish's  experiments  to  Lavoisier,  at  Pi 
Watt's  letter,  containing  hie  hypothesis  that  'wi 
is  composed  of  dephlogisticated  air  and   phlogis 
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^i^.-,^  >.;■  part  of  tlipir  latent  or  clwnciitnry  Iiput; 
uiil  Uut  |>lilngi5ticat»i  or  jiura  air  i*  conipoBod  of 
water  deprived  of  ite  phlogiitt.on  and  tinitod  to  oliw 
nwDtai;  b«st  aod  light,'  wiu  uut  read  till  Nov.  1783; 
and  even  if  ii  oould  have  EUggoat«d  such  aii  cxjxiriiiiciit 
u  Cawndiah's  (which  dotjs  not  nppetir  likuly),  is  giruvrd, 
bj  tlie  dates,  to  havt^  liad  110  aliuru  iu  doiii^  su. 

Ur.  Oaveudish's  experiment  wua  siigpniU.'d  by  an 
cxperimeiit  in  which  Warltire,  a  li'cturer  ou  chumintry 
at  BinniagbBm,  ez])lodod  a  iiiixtiiru  of  hydrojjuu  anil 
OMnmon  air  ia  a  close  vessel,  in  order  to  deturiiiititi 
whether  heat  were  ponderable.] 


CHAPTER  VI. 
;  Theort  op  Oxygen. —  Lavoisier. 


Sect.  I.— Prelude  to  the  TheoTy.—Itt  Pvhlication. 

11/  E  arrive  now  at  a  groat  epoch  in  the  history  of 
VV  Chemistry.  Few  revolutions  in  science  have 
immediately  excited  so  much  general  notice  as  the 
introduction  of  the  theory  of  oxygen.  Tlie  aimplicity 
and  eymmetry  of  the  modes  of  comhinatioD  which  it 
assumed ;  and,  above  all,  the  constniction  and  universal 
adoption  of  B.  nomenclature  which  applied  to  all  sub- 
Bta,nccs,  and  which  seemed  to  reveal  their  inmost 
oonatitutiou  hy  their  name,  naturally  gave  it  an  almost 
irreaiatible  away  over  men's  minds.  We  must,  however, 
dispassionately  trace  the  course  of  its  introduction. 

Antoine  liaurent  Lavoisier,  an  accom])liahed  French 
chemist,  had  pursued,  with  zeal  and  skill,  researches 
such  as  those  of  Black,  Cavendish,  and  Priestley,  which 
we  have  described  above.  In  1774,  he  showed  that, 
in  the  calcination  of  metals  in  air,  the  metal  acquires 
BS  much  weight  as  the  air  loses.  It  might  appear 
that  this  discovery  at  once  overturned  the  view  which 
supposed  the  metal  to  be  phlogiston  added  to  the  calx. 
Lavoisier's  contemporaries  were,  however,  for  from 
A.lowing  this;  a  greater  mass  of  argument  was  needed 
to  bring  them  to  this  conolusion.  Convincing  proo& 
of  the  new  opinion  were,  however,  rapidly  supplied. 
Thus,  when  Priestley  had  discovered  dephlogisti sated 
air,  in  1774,  lAs'oisier  showed,  in  1775,  that  fixed  air 
consisted  of  charcoal  and  the  dephlogiatioated  or  pure 
air;  for  the  mercurial  calx  which,  heat«d  by  itself 
gives  out  pure  air,  gives  out,  when  heated  with  char- 
coal, fixed  air,'  which  has,  therefore,  since  been  called 
carbonic  acid  gas. 
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^l.'^in,  Lavoisier  showed  that  the  atino8]jheric  air 
eouaiata  of  pure  or  vit&l  air,  and  of  an  vtiintal  air, 
vhidi  he  thence  called  azot.  The  vital  air  he  found 
to  be  the  ag^Dt  in  combustion,  acidification,  catciuation, 
re^unttjon;  all  thew  processes  were  analogous;  aJl 
nmmsted  in  a  decomposition  of  the  alinosgiheric  air, 
and  a  fixation  of  the  pure  or  vital  portion  of  it, 

But  he  thus  arrived  at  the  conclusion,  that  this  pure 
air  was  added,  in  all  the  cases  in  which,  according  to 
the  received  theory,  p/Jogigtim  waa  subtracted,  and  vice 
rtrtA.  He  gave  the  name*  of  oxygen  {principe  orygene) 
to  '  the  SHhstance  which  tlius  unites  itself  with  metals 
to  form  their  calces,  and  with  combustible  Bubatances 
to  form  acids.' 

A  new  theory  was  thus  produced,  which  would 
account  for  all  the  facts  which  the  old  one  would 
explain,  and  had  besides  the  evidence  of  the  balance 
in  ita  favour.  But  there  slill  remained  BOme  apparent 
objectioRB  to  be  removed.  In  the  action  of  dilute  acids 
on  melala,  inflammahle  air  was  produced.  'Whence 
tmtne  this  element  I  The  discovery  of  the  decomposi- 
tion of  water  suffitnently  answered  this  question,  and 
converted  the  objection  into  an  ailment  on  the  side 
(if  the  theory:  and  thus  the  decomposition  of  water 
waa,  in  fact,  one  of  the  most  critical  events  for  the 
fortune  of  the  Lavoiaierian  doctrine,  and  one  which, 
more  than  any  other,  decided  chemists  in  its  favour. 
In  sacceeding  years,  Lavoisier  showed  the  consistency 
of  his  theory  with  all  that  was  dtBcovered  concerning 
the  composition  of  alcohol,  oil,  animal  and  vegL-tahle 
substances,  and  many  other  bodies. 

It  is  not  necessary  for  us  to  consider  any  further 
the  evidence  for  this  theory,  but  we  must  record  a  few 
circumstancea  respecting  its  earlier  history.  Eey,  a 
French  physician,  had  in  1630,  published  a  book,  in 
which  ho  inquires  into  the  grounds  of  the  increase  of 
the  weight  of  metals  by  calcination.^  He  says,  '  To 
this  question,  then,  supported  on  the  grounds  already 
mentioned,  I  answer,  and  maintain  with  confidence, 
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that  thu  increasB  of  weight  arises  from  the  nir,  wliich 
Is  condenBed,  rendered  heavy  and  adhesive,  bj  the  heat 
of  the  furnace.'  Hooko  atid  Mayow  had  entertained 
the  opiniou  that  the  air  coutaiiiH  a  '  nitrous  spirit,' 
wLicli  ie  the  supporter  of  combustioD.  But  LaToiaier 
discluimed  the  charge  of  having  derived  anything 
from  these  eourcea;  not  is  it  difficult  to  undeistaud 
how  the  received  generaJiTntions  of  the  phlogistic 
theory  had  thrown  all  such  narrower  eiiplaDations  into 
obscurity.  The  merit  of  Lavoisier  conaisted  in  his 
combiniug  the  generality  of  Stahl  with  the  verified 
conjectures  of  Bey  and  Mayow. 

Mo  one  could  have  a  better  claim,  by  his  early  en- 
thusiasm for  science,  his  extensive  knowledge,  and  his 
zealous  labours,  to  hope  that  a  great  discovery  might 
fall  to  his  share,  than  Lavoisier,  Uis  father,*  a  man 
of  considerable  fortune,  had  allowed  him  to  roftke 
science  his  only  profession;  and  the  zealous  philoso- 
pher collected  about  him  a  number  uf  the  most  active 
physicalinquirentof  hia  time,  who  met  and  experimented 
at  his  hoase  one  day  in  the  week.  In  this  school,  the 
new  chemistry  was  gradually  formed.  A  few  yeara  after 
the  publication  of  Priestley's  tirst  exjieriments,  La- 
voisier was  struck  with  the  presentiment  of  the  theory 
which  he  was  afterwards  to  produce.  In  177a,  he 
deposited'  with  the  secretary  of  the  Academy,  a  note 
which  contAined  the  germ  of  his  future  doctrines. 
'  At  that  time,'  he  says,  in  explaining  this  step,  '  there 
was  a  kind  of  rivalry  between  France  and  England  in 
science,  wliich  gave  imjiortance  to  new  experiments, 
and  which  sometimes  was  the  cause  that  tjie  writers 
of  the  one  or  other  of  the  nations  disputed  the  discovery 
with  the  real  author.'  In  1777,  the  editor  of  the 
Memoirs  of  the  Academy  speaks  of  his  theory  as  over- 
"  g  that  of  etahl;  ■    ■     ■ 
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general  acoejitanoQ.  gf , 


EPOCH   OF   THE  THEOKY   OF   OXYGEN. 


Sea.  I. — Rcctptiun.  and  Confirmal'on  of  the  Tlttory  of 
Oxtjgeji. 

TtfE  Oxygen  theory  made  its  way  with  extraordinary 
rapidity  among  the  best  philosophers.'  In  1785,  that 
ia.  Boon  aft«r  Caveodish's  synthesis  of  water  bad  re- 
moved some  of  the  nioet  formidable  objections  to  it, 
Berthollet,  already  an  eminent  chemist,dei:]ared  himself 
1  conrert.  Indeed  it  was  soon  so  generally  adopted  in 
Fhuice,  that  Pourcroy  promu^gnted  its  doctrines  under 
(he  name  of  *  La  Chimie  Fmn^ise,'  a  title  which 
IjtroiEier  did  not  altogetlier  relish.  The  extraordinary 
eto<|neace  and  success  of  Fourcroy  as  a  lecturer  at  the 
Jardin  des  Plantes,  had  no  small  share  in  the  dijfusion 
of  the  oxygon  theory;  and  the  name  of  'the  apostle 
nf  the  new  chemistry"  which  was  at  lirat  given  him 
in  ridicule,  was  justly  held  by  him  to  be  a  glorious 
distinction.^ 

GnytondeMorveau,  who  had  at  first  been  a  strenuous 
advocate  of  the  phlogistic  tlieory,  was  invited  to  Paris, 
and  brought  over  to  the  opinions  of  Lavoisier;  and 
MOD  joined  in  the  formation  of  the  nomenclatnra 
founded  upon  the  theory.  This  step,  of  which  we  shall 
nhortly  sptalt,  fixed  the  new  doctrine,  and  diffused  it 
farther.  Delametherie  alone  defended  the  phlogistic 
theory  with  vigour,  and  indeed  with  violence.  He 
•Kan  theeditor  of  the./(wn*Tiffl/de-rAy»'^i<a,  and  to  evade 
the  inltuence  which  this  gave  him,  the  antiphlogistiana^ 
eBtablishBit,  aa  the  vehicle  of  their  opinions,  another 
periodical,  the  AnnalM  de  Chimie. 

Id  England,  indeed,  their  success  was  not  so  immo- 
late. Cavendish,"  in  his  Memoir  of  1784,  speaks  of 
the  question  between  the  two  opinions  as  doubtful. 
'  There  are,'  he  says,  '  several  Memoirs  of  M.  Lavoisier, 
in  which  he  entirely  discards  phlogiston;  and  as  not 
only  the  foregoing  experiments,  hut  most  other  phe- 
eua  of  nature,  seem  explicable  as  well,  or  nearly 
fell,  upon  this  as  upon  t)ie  commonly  believed 


■ 

B  ii8 

^P  princi 


H13T011Y   OF   CHEMISTRY. 


I 
I 


I 


principle  of  phlogiaton,'  Cavendiali  proceeds  to  explain 
hia  experiments  according  to  the  new  views,  exprera- 
ing  no  decided  preference,  however,  for  either  q'Htem. 
But  Kirw&n,  auother  English  chemist,  contested  the 
point  much  moi-e  resolutelj'.  His  theory  identified 
inflammable  air,  or  hjdrogen,  with  phlogiston;  and  in 
thia  view,  he  wrote  a  work  whicb  was  intended  as  a 
confntatioQ  of  the  essential  part  of  the  oxygen  theory. 
It  is  a  strong  proof  of  the  steadiness  and  clearness  with 
■which  the  advocates  of  the  new  ayatom  jjosseaaed  their 
principles,  that  tliey  immediately  translated  this  work, 
adding,  at  the  end  of  each  chapter,  a  refutation  of  the 
phlogistic  doctrines  which  it  contained.  Lavoisier, 
Berthollet,  De  Morveau,  Fourci'oy,  and  Monge,  were 
the  authors  of  this  curious  specimen  of  scientific 
polemics.  It  is  also  remarkable  evidence  of  the 
candour  of  Kirwan,  that  notwithstanding  the  promi- 
nent part  he  imd  taken  in  the  controversy,  he  allowed 
himself  at  last  to  be  convinced.  After  a  struggle  of 
ten  years,  he  wrote"*  to  Berthollet  in  1796,  'I  lay 
down  my  arms,  and  abandon  the  cause  of  phlogiston.' 
Black  followed  the  same  course.  Priestley  alone,  of 
all  the  chemists  of  great  name,  would  never  assent  to 
the  new  doctrines,  though  his  own  discoveries  had 
contributed  so  much  to  their  eutablit^hment.  '  He 
saw,'  says  Cuvier,^'  '  without  flinching,  the  most  skilful 
defendem  of  the  ancient  theory  go  over  to  the  enemy 
in  succession;  and  when  Kirwan  had,  almost  the  last 
of  all,  abjured  phlogiston,  Priestley  remained  alone  on 
the  field  of  battle,  and  threw  out  a  new  challenge,  in 
a.  memoir  addressed  to  the  principal  French  chemista.' 
It  happened,  cufiously  enough,  that  the  challeuge  was 
accepted,  and  the  arguments  answered  by  M.  Adet, 
who  was  at  that  time  (1798.}  the  French  ambassador 
to  the  United  States,  in  which  country  Priestley's 
work  was  published.  Even  in  Germany,  the  birth- 
place and  home  of  the  phlogistic  theory,  the  struggle 
■was  not  long  protracted.     Tiiere  was,  indeed,  e.  coa- 


EPOCH   or  THE   THEORY  OF   OXYGEN, 


troTersy,   tlie  older  philoEOphera  being,  tui   usual,  the 

(defender))  of  the  established  doctiiuea;   Imt  in   1792, 

laproth  repeated,  before  the  Academy  of  Berlin,  all 

pie  fuudaoiental  experinientn ;  and  '  the  rei^ult  was  a 

JBconvictiononthepartofKlaproth  and  the  Academy, 

\  the    Lavoisieriau    theory  was   the   true   one.''^ 

whole,  the  iiitroductioii  of  tlie  Lavoisierian 

the  scientific  world,  when  compared  with 

B  gntA  revolution  of  opinion  to  whiuh   it  comes 

i  in  importance,  the  introduction  of  the  New- 

1  theory,  shows,  by  the  rapidity  and  temper  with 

li  it  took  pltu.'e,  a  great  improvemeut,  both  in  the 

•  of  arriviDg  at  truth.andin  the  spirit  with  which 

■Bome  English  writers'*  have  expresBed  an  opinion 
t  there  was  little  that  was  original  in  the  new 
But  if  they  were  so  obvious,  what  are  we 
^iminent  clieniiBta,  as  Black  and  Cavendish, 
d  when  they  were  presienteil,  or  Kirwan 
;Iej,  who  rejected  theml  This  at  least  shows 
i  it  required  some  peculiar  insight  to  see  the 
evidence  of  these  truths.  To  say  that  niost  of  the 
maCeriala  of  Lavoisier's  theory  existed  before  him,  is 
only  to  eay  tliat  his  gi'eat  merit  was,  that  which  must 
raye  be  the  great  merit  ofa  new  theory,  his  geupi^ali' 
,  The  effect  which  the  publication  of  histloctrines 
KluMd,  Hhowa  us  that  he  was  the  first  pei-son  who, 
ming  clearly  the  idea  of  quantitative  composition, 
applied  it  steadUy  to  a  great  range  of  well-ascertained 
Gicttf.  This  is,  as  we  have  often  had  to  observe, 
precisely  the  universal  description  of  an  inductive  dis- 
It  has  lieen  objected,  in  like  manner,  to  the 
inality  of  Newton's  discoveries,  that  they  were 
ained  in  thoae  of  Kepler.  They  were  so,  but  they 
cl  a  Newton  to  find  them  there.  The  originality 
Eihe  theory  of  oxygen  is  proved  by  the  conflict,  short 
,  which  accompanied  its  promulgation;  ita 
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importance  ia  ahown  by  the  dianges  which  it  soon 
occosioaeil  in  every  part  of  the  science. 

Thus  Lavoisier,  &r  more  fortunate  than  most  of 
those  who  had,  in  earlier  ages,  produced  revolutions  in 
iw  his  theory  accepted  by  all  the  most  emi- 
nent men  of  hie  time,  and  established  over  a  great 
part  of  Europe  within  a  few  yeai-s  from  its  first  promul- 
gation. In  the  comnion  course  of  events,  it  might 
have  been  expected  that  the  later  years  of  his  life 
would  have  been  spent  amid  the  admiration  and  reve- 
i  which  naturally  wait  upon  the  patriarch  of  a 
new  system  of  acknowledged  truths.  But  the  times  in 
which  he  lived  allowed  no  such  euthanasia  to  eminence 
of  any  kind.  The  democracy  which  overthrew  the 
ancient  political  institutions  of  Prance,  and  swept 
away  the  nobles  of  the  laud,  was  not,  as  might  have 
been  expected,  enthusiaatic  in  its  admiration  of  a  great 
revolution  in  science,  and  forward  to  offer  its  homage 
to  the  genuine  nobility  of  a  great  discoverer.  Lavoisier 
was  thrown  into  jtrison  on  some  wretched  charge  of 
having,  in  the  discharge  of  a  public  office  which  he 
held,  adulterated  certain  tobacco;  but  in  reality,  for 
the  purpose  of  confiscating  his  property.'*  In  his 
impriaoninent,  his  philosophy  waa  hia  resource;  and  he 
employed  himself  in  the  preparation  of  his  papers  for 
printing.  When  he  was  brought  before  the  revolu- 
tionary tribunal,  he  begged  for  a  respite  of  a  few  days, 
in  order  to  complete  some  researches,  the  reaulta  of 
which  were,  he  said,  important  to  the  good  of  hu- 
manity. The  brutish  idiot,  whom  the  state  of  the 
country  at  that  time  had  placed  in  the  judgment-seat, 
told  htm  that  the  republic  wanted  no  s^vana.  He 
was  dragged  to  the  guillotine,  May  the  8th,  1794,  and 
beheaded,  in  the  fifty-aecond  year  of  his  age ;  a  melan- 
choly proof  that,  in  [>erioda  of  political  ferocity,  inno- 
cence and  merit,  private  virtues  and  public  services, 
amiable  manners  and  the  love  of  fricndjs,  literary  fitme 
and  exalted  geniu!),  arc  all  as  nothing,  to  protect  their 
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from  the  last  extremes  of  Tioleiice  nud  wrong, 
under  jndtci&l  foi-cns. 


SeeL  3- — Jfometielature  of  ike  Oxi/gen  Theory. 

*ii  we  have  already  said,  a  powerful  instrument  in 
ttsbibliahing  and  dlSusiiig  the  new  chemical  theory, 
w  &  Systematic  Nomenclature  founded  upon  it,  &nd 
spplimble  to  all  chemical  compounds,  vhtch  was  soon 
cuiutractfiU  and  published  by  the  authors  of  the  theory. 
Sacb  a  nomenclature  made  its  way  into  general  ose 
tlw  more  easily,  in  that  the  wunt  of  such  a  [system  bad 
klrendy  been  aaverely  felt;  the  nnmes  in  common  use 
being  fantaBtical,  itrbitrHry,  and  multiplied  beyond 
measure.  The  number  of  known  substances  had 
lieoome  au  great,  that  a  list  of  names  with  no  regula- 
tive (irinciple,  founded  on  accident,  caprice  and  eirour, 
wiu  too  cumbrous  and  inconvenient  to  be  toleratud. 
Even  before  the  currency  which  LaToisier's  theory 
obtained,  these  evila  had  led  to  attempts  towarila  a. 
more  convenient  set  of  names.  Bergman  and  Black 
had  constmcted  such  Iiat«;  and  Guyton  de  Morveau,  a 
dever  and  accomplished  lawyer  of  Dijon,  had  formed 
a  system  of  nomenclaturt;  in  1782,  before  he  hod 
become  a  convert  to  Lavoisier's  theory,  in  which  task 
he  had  been  exhorted  and  encouraged  by  Bergman  and 
Mac<^uer.  In  this  syHtem,"  we  do  not  find  moat  of  the 
clmracters  of  the  method  wliich  was  afterwards  adopted. 
But  a  few  years  later,  Lavoisier,  De  Korveau,  Ber- 
thollet  and  Fouroroy,  associated  themuelvea  for  the 
purpose  of  producing  a  nomenclature  which  should 
correepond  to  the  new  tlieoretical  views.  This  ap- 
peared in  17G7,  and  soon  made  its  way  into  general 
use.  The  main  features  of  this  system  are,  a  selcation 
of  the  simplest  radical  words,  by  which  substances  are 
designated,  and  a  systematic  distribution  of  termina- 
tions, to  express  their  relations.  Thus,  sulphur,  com- 
bined with  oxygen  in  two  different  pro^toitious,  forms 
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two  aci(l4,  the  suliiLnrotu  and  tbe  sulpburic;  and 
these  acids  form,  with  eartliy  or  alkaline  bases, 
BulphiVss  and  suljthofM;  vhile  sulphur  directly  (xtm- 
bined  with  another  elemeDt,  forms  a  sulphur^f.  Tbe 
term  oxyd  (now  usually  written  oxide,)  expressed  a 
lower  degree  of  combinatiun  with  oxy);en  than  the 
aciila.  The  Methodt  de  Nomenclature  Cliimiqv^  was 
publisltediu  1787;  and  in  1789,  Lavaisier  published  a 
treatise  on  chemiHtry  in  order  further  to  explain  this 
method.  In  the  prefiu.'e  to  this  volume,  he  apologizes 
for  the  great  amount  of  the  changes,  and  pleads  the 
authority  of  Bei^man,  who  had  exliorted  De  Morveau 
'to  spare  no  improper  names;  those  who  are  learned 
will  always  be  learned,  and  those  who  aiv  ignorant 
will  thus  leuru  sooner.'  To  this  maxim  they  so  for 
conformed,  that  their  system  offers  few  anomalies; 
and  though  the  progress  of  discovery,  and  tbe  conse- 
quent changes  of  theoretical  opinions,  which  have  since 
gone  on,  appear  now  to  require  a  further  change  of 
nomeuclatuve,  it  is  no  small  evidence  of  the  skill  with 
which  this  scheme  was  arranged,  that  for  half  a  century 
it  was  universally  used,  and  felt  to  be  far  more  useful 
and  effective  than  any  nomenclature  in  any  science 
had  ever  been  before. 


adce 
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INOE  ft  diemicol  theory,  as  far  as  it  in  true,  must 
eoftble  oa  to  obtuin  a  true  view  of  the  intimate 
ipooition  of  all  bodies  whatever,  it  will  readilj  be 

that  the  new  chemistry  led  to  a 
ber  of  analyses  and  reaearchea  of  various  kinds, 
it  te  not  neceasary  to  dwell  upon;  nor  will  I 
erm  mention  the  names  of  any  of  the  intelligent  and 
diligent  men  who  have  laboured  iii  this  Geld.  Perhaps 
one  of  the  most  striking  of  audi  analyses  was  Davy's 
decompoaition  of  the  earths  and  alkalies  into  metallic 
basM  and  oxygen,  in  1807  and  1808;  thus  extending 
>tiU  further  that  analogy  between  the  eartlm  and  the 
cnlces  of  the  metaU,  which  hu<l  had  bo  large  a  share  in 
formation  of  chemical  theories.  This  discovery, 
both  in  the  means  by  which  it  was  made,  and 
3WS  to  which  it  led,  bears  iijion  aubjeota  here- 
'ifter  to  be  treated  of 

The  lAvoisierian  theory  also,  wide  as  was  the  range 
of  truth  which  it  embraced,  required  aonie  limitation 
and  correction.  I  do  not  now  speak  of  some  erroneous 
opinions  entei-tained  by  the  author  of  the  theory;  as, 
for  instance,  that  tho  heat  produced  in  combustion, 
and  even  in  respiration,  arose  from  the  conversion  of 
the  oxygen  gas  to  a  solid  consistence,  according  to  the 
doctrine  of  latent  heat.  Such  opiuionti  not  being 
neoessarily  connected  with  the  general  idea  of  the 
theory,  need  not  here  be  considered.  But  the  leading 
generalization  of  Lavoisier,  that  acidification  was 
altcays  combination  with  oxygen,  was  found  untenable. 
IThe  point  on  which  the  contest  on  this  subjeet  took 
Jljdace  was  the  constitution  of  the  fxyiimriatic  and 
iimirialic  acids;— aa  they  had  been  termed  by  Ber- 
MiDllct,  from  the  belief  that  muriatic  acid  contained 
LOxygen,  and  oxymuriatlc  a  still  larger  dose  of  oxygen. 
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lu  opposition  to  this,  a  new  doctrine  was  put  forwards 
in  1809  by  Gay-Lnssac  and  Thenard  in  France,  and 
by  Davy  in  England; — namely,  that  oxymiiriatic  acid 
wftfi  a  simple  substance,  which  they  termed  chlorine, 
and  that  nioriatic  acid  was  a  combination  of  chlorine 
with  hydrogen,  which  therefore  was  called  hydro- 
clditric  add.  It  may  be  observed,  that  the  point  in 
dispute  in  the  controversy  on  this  subject  was  nearly 
the  same  which  had  been  debated  in  the  course  of  the 
establishment  of  the  oxygen  theory;  namely,  whether 
in  the  formation  of  muriatic  acid  fi'ora  chlorine, 
oxygen  is  subtracted,  or  hydrogen  added,  and  the 
water  concealed. 

In  the  course  of  this  dispute,  it  was  allowed  on  both 
sides,  that  the  comhination  of  dry  muriatic  acid  and 
ammonia  afforded  an  eayen'meniKin  crticis;  since,  if 
water  was  produced  from  these  elements,  oxygen  must 
have  existed  in  the  acid.  Davy  being  at  Edinburgh 
in  1812,  this  i>]cperiment  was  made  in  the  presence  of 
several  eminent  philosophers;  and  the  result  was  foand 
to  be,  tiiat  though  a  slight  dew  a]>peared  in  the  vessel, 
there  was  not  more  than  might  he  ascribed  to  unavoid- 
able imperiectiou  in  the  process,  and  certainly  not  so 
much  as  the  old  thcoiy  of  muriatic  acid  required. 
The  new  theory,  after  this  period,  obtained  a  clear 
superiority  in  the  minds  of  philosophical  chemists,  and 
was  further  supported  by  new  analogies.' 

For,  the  exifiteiice  of  one  hydraad  being  thus  esta- 
blished, it  was  found  that  other  suhstances  gave  similar 
combinations;  and  thus  chemistaobtoined  the  A^i^Ww/tc, 
hydrojluoric,  and  hydrobromic  acids.  These  acids,  it  is 
to  be  observed,  form  salts  with  bases,  in  the  same 
manner  as  the  oxygen  acids  do.  The  analogy  of  the 
muriatic  and  fluoric  com])ounds  was  first  clearly  urged 
by  a  philosopher  who  was  not  peculiarly  engaged  in 
chemical  research,  but  who  was  often  distijiguished 
by  bis  rapid  and  happy  genei'aliKatiaus,  ]tf.  Ampere. 
He  supported  this  auidogy  by  many  ingenious  and 
original  arguments,  in  letters  written  to  Davy,  while 
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Mt  cheroiat  was  engaged  in  hia  reaearcliea  on  fluor 
B[nr,  Afi  Dkvj  biiuself  declares.^ 

SLill  further  changes  have  been  praposed,  in.  that 
clasaiScatioD  of  elementary  substauces  to  wliich  the 
oiygen  theory  led.  It  has  been  held  by  Berzelius  and 
others,  that  other  elements,  as,  for  example,  salphnr, 
f<>na  talU  with  the  alkalioe  and  earthy  metals,  rather 
than  Bulpburets.  The  character  of  these  stdpho-aaiu, 
however,  is  still  questioned  among  chemists;  and 
therefore  it  does  not  become  us  to  speak  as  if  their 
place  lu  history  were  settled.  Of  course,  it  will  easily 
be  understood  that,  in  the  same  manner  in  which  the 
ojsygeu  theory  introduced  its  own  proper  nomenclature, 
the  overthrow  or  ranCerial  tranAformstionof  the  theory 
would  re<iuire  a  change  in  the  nomencluture ;  or  rather, 
the  aaomalies  which  tended  to  disturb  the  theory, 
would,  as  they  were  detected,  make  the  theoretical 
terms  be  felt  aa  inappropriate,  and  would  sugiiest  the 
nec^ity  of  a  reformation  in  that  respect.  But  the 
discussion  of  this  point  belongs  to  a  step  of  the  ecienoe 
which  is  to  come  before  us  hereafter. 

It  may  be  observed,  that  in  approaching  the  limits 
of  this  part  of  our  subject,  as  we  are  now  doing,  the 
iloctrine  of  the  combination  of  acid»  and  bases,  of  which 
we   formerly   tiuceil   the    rise    and    progress,   is    stUl 

sBumed  a«  a  fundamental   relation  by  which  other 
lotions  are  tested.     This  remark  connects  the  stage 

t  chetmstry  now  under  our  notice  with  its  earliest 

kio.  But  in  order  to  point  out  the  chemical  bearing 
Pibe  next  subjects  of  our  narrative,  we  may  further 
jfaserve,  that  metals,  eart/ta,  suits,  are  spoken  of  as 
known  dassa  of  substances;  and  in  like  manner  the 
newly-discovered  elements,  which  form  the  last  trophies 
of  chemistry,  have  been  distributed  into  such  classes 
according  to  their  analogies;  thus  potassium,  sodium, 
barium,  have  been  asserted  to  be  metals;  iodine, 
bromine,  Jtuorine,  have  been  arranged  as  analogical  to 
Marine.  Yet  there  is  something  vague  and  indefinite 
^t^  tbe  botuidarieB  of  such  classifications  and  analogies ; 
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^M  and  it  is  precisely  where  this  vagueness  falls,  tliat  the 

^1  scieace  ia   still   obscure  or   doubtful.      We  are  led, 

^B  therefore,  to  see  the  dependence  of  Chemistry  upon 

^M  Classification ;  and  it  is  to  Sciences  of  Classification 

^M  which  we  shall    next  proceed;  as  soon  as  we  have 

^1  noticed  the  most  general  views  which  have  been  given 

^M  of  chemical  relations,  namely,  the  views  of  the  electro- 

^1  chemists. 

^m  But  before  we  do  this,  we  must  look  back  upon  a 

^H  law  which  obtains  in  the  combination  of  element,  and 

^H  which  we  have  hitherto  not  stated;  although  it  appears, 

^F  more  than  any  other,  to  reveal  to  us  the  intimate  con- 

stitution of  bodies,  and  to  ofier  a  basis  for  future  gene- 
ralizations. I  speak  of  the  Atomic  Theory,  as  it  is 
usually  termed ;  or,  as  we  might  rather  call  it,  the 
Doctrine  of  Definite,  Reciprocal,  and  Multiple  Fro- 
portiona 
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udetOtAe  Atomic  Theory,  and  iU  PaUi- 
aU'u.n  by  DaJbm. 

r[E  genial  Uwi  of  clieniical  caabuutioD  untcmBeHi 
by  Ur.  Dalton  are  truths  at  the  kigbeat  import 
tiDCe  in  the  science,  and  are  now  nowhere  oonUstol; 
but  the  view  of  matter  as  oo(utHat«d  of  atom*,  which 
he  baa  emploTed  in  conTcying  thooe  Uvi,  and  in  ez- 
preaing  his  opinion  of  th^  caoee,  ia  neither  to  im- 
poTt&ot  nor  BO  certain.  In  tJie  plaoe  whieh  I  here 
anign  ta  his  dlscoret;,  aa  one  of  the  great  events  of 
the  history  of  chemistry,  I  tjmak  only  of  the  Jaw  of 
phenoiaena,  the  rules  which  gorem  the  qnuititiea  in 
which  elemente  combine. 

This  Uw  may  be  considered  as  consisting  of  three 
parts,  according  to  the  above  description  of  it ; — that 
elements  combine  in  ikJmUe  proportions; — that  thrnn 
determining  proportions  openle  reeiinveaUy; — and 
that  when,  b^ween  the  sane  eiements,  several  cont- 
Iniung  proportions  occur,  they  are  related  aa  mtJtijiUt. 
That  elements  combine  in  certain  definite  propoT' 
tioaB  of  qaantity,  and  in  no  other,  was  implied,  as 
won  as  it  was  suppoeed  that  chemical  compounds  had 
any  definite  properties.  Those  who  fint  attempted  t« 
c^blish  n^olar  formnbe '  for  the  constitution  of  salts, 
minerals,  and  other  compoanda,  sAomed,  u  the  bans 
of  this  process,  that  the  elemenla  in  different  specimesis 
lad  the  same  proportion.  Wenzel,  in  1777,  ptiblished 
his  Lehrevon  der  Vmoandtchaft  der  Korprr;  or,  Dtm- 
trine  of  the  A^ttitieM  0/ Bodiet ;  in  which  he  gare  many 
nod  and  acconite  analyses.  His  work,  it  is  ^id,  ncTcr 
'■~^w  into  general  notice.      BerthoUet,   as   we   hare 
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^H  Hlready  8tat«<I,  maintained  that  chciuioal  cotnpoirnds 

^H  were  not  definite ;  but  thb  controversy  took  place  at  a 

^H  later  period.     It  eoded  in  the  establishment  of  the 

^H  doctrine,  that  there  is,  for  each  combination,  only  one 

^H  proportion  of  the  elements,  or  at  mout  only  two  or 

^B  three. 

^H  Not  only  did  Wenzcl,  by  his  very  attempt,  presume 

^V  the  first  law  of  chemical  compoaition,  the  definiteness 

^  of  the  proportions,  but  he  was  also  led,  by  his  reaulta, 

to  the  second  mle,  that  they  are  reciprocal.  For  he 
found  that  when  two  neutrai  salts  decompose  each 
other,  the  resulting  salts  are  also  neutral.  The  neutral 
character  of  the  salts  shows  that  they  are  detinite  oom- 
pounds;  and  when  the  two  elements  of  the  one  salt,  J' 
and  »,  are  presented  to  thoBe  of  the  other,  B  and  n,  if 
1'  be  in  such  quantity  as  to  combine  definitely  witli  n, 
B  will  also  combine  dtilinitely  with  s.° 

Views  similar  to  those  of  Wenzel  were  also  pub- 
lished by  Jeremiah  Benjamin  Richter'  in  1792,  in 
his  Anfwngagriinde  dtr  Stikiiyometrii,  oder  Maitkuntt 
CkjfmUc/ier  Elemente,  {PrimAjdea  of  (/w  Meaevre  of 
CAemieal  Elements,)  in  which  he  took  the  law,  just 
stated,  of  reciprocal  proportions,  as  the  basis  of  his 
renearohes,  and  determined  the  numerical  quantities  of 
the  common  bases  and  acids  which  would  saturate  each 
other.  It  IK  clear  that,  by  these  steps,  the  two  first  of 
our  three  mlea  may  be  considered  as  fully  deTcQoped. 
The  change  of  general  views  which  was  at  this  Ume 
going  on,  probably  prevented  chemistfi  from  feeling  bo 
much  interest  as  they  might  have  done  otherwise,  in 
these  details;  the  French  and  English  chemiats,  in 
particular,  were  fully  employed  with  their  own  re- 
searches and  controversies. 

Thus  the  rules  which  had  already  been  published  by 
Weuzel  and  Kichter  had  attracted  so  little  notice,  that 
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se  caa  bardly  consider  Mr.  Dallon  as  liaving  Leca 
iinlidpat«<l  l>j  tbose  writers,  wheo,  in  1803,  ho  begun 
to  cummuiiicate  Lis  views  od  the  chemical  coustitutioa 
of  bodies;  these  views  being  such  as  to  include  both 
iheK  two  rules  in  their  most  general  form,  and  further, 
tbe  rule,  at  that  time  still  more  new  to  chemists,  of 
nuAi;^ pmportiona.  Heconceived  bodies  as  composed 
of  atoms  of  their  constituent  elements,  grouped,  either 
one  and  one,  or  one  and  two,  or  one  and  three,  and  so 
on.  Thus,  if  C  represent  an  atom  of  carbon  and  0  oao 
of  oxygen.  OCwill  be  an  atom  of  carbonic  oxide,  and 
OCO  an  atom  o{ carbimic  acid;  and  hence  it  follows, 
that  while  both  these  bodies  have  a  definite  quantity 
of  oij-gen  to  a  given  quantity  of  carbon,  in  tho  latter 
substance  this  quantity  is  double  of  what  it  is  in  tbe 
former. 

The  con^deration  of  bodies  as  consisting  of  com- 
pound atoms,  each  of  these  being  composed  of  elemen- 
tary atoms,  naturally  led  to  this  law  of  multiple 
proportions.  In  this  mode  of  viewing  bodies,  Mr. 
DaltoD  bad  been  preceded  (unknown  to  himself)  by 
Mr.  Higgins,  who,  in  1789,  publiuhed*  hiu  CompaTativa 
Vieio  of  tlie  PhlogiMtic  and  Anliphlogitlic  Tluoriee.  He 
therv  says,'  'That  in  volatile  vitriolic  a«id,  a  single 
nitimate  particle  of  sulphur  in  united  only  to  a  single 
particle  of  dephlogisticated  air;  and  that  in  perfect 
vitriolic  acid,  every  single  particle  of  sulphur  is  united 
to  two  of  dephlogisticated  air,  being  the  quantity  ne- 
ceaaary  to  saturation ;'  and  he  reasons  in  tbe  same 
manner  concerning  the  constitution  of  water,  and  the 
compounds  of  nitrogen  and  osygen.  These  observa- 
tions of  Higgins  were,  however,  made  casually,  and  not 
followed  out,  and  cannot  affect  Dultoua  cluiin  to  origi- 
nal merit. 

Mr.  Dalton's  generalization  was  first  suggested' 
during  his  examination  of  olefiant  gas  and  carburetted 
hydrogen  gas;  and  was  asserted  generally,  on  the 
strength  of  a  few  tacts,  being,  as  it  were,  irresistibly 
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^M  recommended  bj  the  clearness  and  simplicity  which 

^1  the  notion  posaesned.     Mr.  Dalton  liimseif  represented 

^U  the  oonipound  atome  of  bodies  by  symbols,  which  pro- 

^m  feased  to  exhibit  tbe  arraugement  of  the  elementary 

^M  atoms  in  space  as  well  as  their  numerical  proportion; 

^1  and  he  attached  great  importance  to  this  part  of  his 

^M  scheme.     It  is  clear,  however,  that  this  part  of  his 

^M  doctrine  is  not  essentia)  to  that  nuDiericnl  cotnporisoa 

^M  of  the  law  with  facts,  on  which  its  establish  men  t  rests. 

^1  Theae  hypothetical  configurations  of  atoms  have  no 

^M  value  till  they  are  confimied  by  corresponding  facta, 

^M  such  as  the  optical  or  cryatalliue  properties  of  bodies 

^M  may  perhap  one  day  furnish. 


—Reeeplio', 


and  ConjvrmatxQ- 
Theori/. 


of  Uie  Atomic 


Ib  order  to  give  a  sketoh  of  the  progress  of  the  Atomic 
Theory  into  general  reception,  we  cannot  do  better 
than  borrow  our  information  mainly  from  Dr.  Thomson, 
who  was  one  of  the  earliest  converts  and  most  efFeotive 
promulgators  of  the  doctrine.  Mr.  Dalton,  at  the  time 
when  he  conceived  his  theory,  was  a  teacher  of  tnatbe- 
matics  at  Manchester,  in  circumstAnces  which  might 
have  been  considered  narrow,  if  he  himself  had  been 
leas  simple  in  his  manner  of  life,  and  leas  moderate  in 
his  worldly  views.  His  experiments  were  generally 
made  with  apparatus  of  which  the  simjilicity  and 
choapuesH  corresponded  to  the  rest  of  his  habits.  In 
1804,  he  was  already  in  possesaionof  his  atomic  theory, 
and  explained  it  to  Dr.  Thomson,  who  visited  him  at 
that  time.  It  was  made  known  to  the  chemical  world 
in  Dr.  Thomson's  Chemistry,  in  1807  ;  and  in  Dalton's 
own  Syalem  0/ ChemUtry  {iSoS]  the  leading  ideas  of  it 
were  very  briefly  stated.  Dr.  Wollaaton'a  memoir, '  on 
superacid  and  subacid  salts,'  which  appeared  in  the 
Philosojthical  Tra7i»aclion»  for  1808,  did  much  to  secure 
this  theory  a  place  in  the  estimation  of  chemistaL 
Here  the  atithor  states,  that  he  bad  observed,  in 
various  salts,  the  quantities  of  acid  combined  with  the 
base  in  the  neutral  and  iu  the  superacid  salts  to  be  as 
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ne  to  tvo :  and  he  san  that,  thinking  it  likely  thia 
Its  mi^t  obtain  genenitj  10  such  compouuili),  it  was 
iuE  deai^  to  tiftve  pursued  the  subject,  with  the  hope 
of  disODTering  the  cause  to  which  so  regiitur  a  reUtion 
may  be  ascribed  £nt  he  adds,  that  thia  appears  to  be 
Eup«rfiuoiis  aft«r  the  publication  of  Dalton's  thooTy  bj 
Dt.  Thomaoii,  since  all  such  &cts  are  but  special  cases 
of  tfa«  general  law.  We  cannot  but  remark  here,  that 
tlie  acrupulouB  timidity  of  Wollaston  was  probably  the 
ooly  impedimetit  to  bis  anticipating  Dalton  in  the 
publication  of  the  role  of  multiple  proportions;  and 
the  forwardness  to  generalize,  which  belongs  to  the 
character  of  the  latt«r,  justly  aecured  him,  in  this  in- 
rtince,  the  name  of  the  discoverer  of  this  law.  The 
rest  of  the  English  chemists  soon  followed  Wollaston 
tad  Thomson,  though  Davy  for  some  time  resisted. 
They  objected,  indeed,  to  Dal  ton's  sasumption  of  atoms ; 
md,  to  avoid  this  hypothetical  step,  Wollaston  used  the 
pbnue  cAtmieai  tquivalcnlt,  and  Davy  the  word  pro- 
fartione,  for  the  numbers  which  expressed  Dalt«n*a 
stomio  weights.  We  may,  however,  venture  to  say 
that  the  term  '  atom '  is  the  most  convenient,  and  it 
tuned  not  be  understood  as  claiming  our  assent  to  the 
bypotbeeis  of  indivisible  molecules. 

As  Wollaston  and  Dalton  were  thus  arriving  inde- 
pendently at  the  same  result  in  England,  other  chemists, 
\a  other  countries,  were,  unknown  to  each  other,  tra- 
*elUDg  towards  the  same  point. 

In  1807,  BeraeliuB,'  intending  to  publish  a  system 
of  chemistry,  went  through  several  works  little  read, 
and  among  others  the  treatises  of  Kichter  He  was 
■stoaiahed,  he  tells  us,  at  the  light  which  was  there 
thrown  upon  composition  and  decomposition,  and 
which  had  never  been  turned  to  profit.  He  was  led 
to  a  long  ttain  of  experimental  research,  and,  when  he 
received  informntion  of  Dolton's  ideas  concerning 
multiple  proportions,  he  found,  in  his  own  collection  of 
aoalyaes,  a  full  confirmation  of  this  theory. 

Some  of  the  Germans,  indeed,  ajipear  discontented 
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with  the  iwrtition  of  reputation  which  has  taken  place 
with  respect  to  the  Theory  of  Definite  Proportions. 
One*  of  them  says,  'Dalton  has  only  done  thia;— he 
has  wrapt  up  the  good  Richter  (whom  he  knew ;  com- 
pare Schweigger,  T  ,  older  aeries,  vol.  x.,  p.  381;)  in  a 
ragged  suit,  patched  together  of  atoms;  and  now  poor 
Bichter  comes  hack  to  his  own  country  in  such  a  garb, 
like  Ulywea,  and  is  not  recogniaed.'  It  is  to  be  recol- 
lected, however,  that  Richter  says  nothing  of  multiple 
proportions. 

The  general  doctrine  of  the  atomic  theory  is  now 
firmly  eatabliahed  over  the  whole  of  the  chemical 
world.  There  remain  atil!  several  controverted  points, 
as,  for  instance,  whether  the  atomic  weights  of  all 
elements  are  exact  multiples  of  the  atomic  weight  of 
hydrogen.  Dr.  Frout  advanced  several  instances  in 
which  this  api)eared  to  be  true,  and  Dr.  Thomson  has 
asserted  the  law  to  be  of  universal  application.  But, 
on  the  other  hand,  Berzelius  and  Dr.  Turner  declare 
that  this  hypothesis  is  at  variance  with  the  results  of 
the  best  analyses.  Such  controverted  points  do  not 
belong  to  our  history,  which  treats  only  of  the  progress 
of  scientific  truths  already  recognized  by  all  compet«nt 
judges. 

Though  Dalton's  discovery  was  soon  generally  em- 
ployed, and  universally  spoken  of  with  admiration,  it 
did  not  bring  to  him  anything  hut  barren  praise,  and 
he  continued  in  the  humble  employment  of  which  we 
have  spoken,  when  his  fame  hod  filled  Europe,  and 
his  name  become  a  household  word  in  the  laborabory. 
After  some  yesi's  he  was  appointed  a  corres]>ondtng 
member  of  the  Institute  of  France;  which  maybe 
considered  as  a  European  recognition  of  the  importance 
of  what  he  had  done^  and,  in  i8a6,  two  medals  for 
the  encouragement  of  science  having  been  placed  at 
the  diapoijal  of  the  Royal  Society  by  the  King  of  Eng~ 
land,  one  of  them  was  assigned  to  Dalton,  '  for  hia 
development  of  the  atomic  theory.'  In  1S33,  at  th« 
meeting  of  the  British  Association  for  the  Advance- 

[.  GtnA.  dtr  Cryd.  p.  idi. 
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me&t  of  Science,  which  was  held  in  Cambridge,  it  was 
■DDouDccd  that  the  King  had  beetoweil  ujkiu  him  a 
pensiou  of  150^.;  at  the  preceding  meeting  at  Oxford, 
that  university  had  conferred  upon  him  tlie  degree  of 
Doctor  of  Laws,  a  step  the  more  remArkiible,  since  he 
belonged  to  the  sect  of  Quakers.  At  all  the  meetings 
of  the  British  AsBociatinn  lie  hiis  been  [ireaent,  and 
bas  always  been  sarrounded  by  the  reverence  and 
admiration  of  all  who  feel  any  sympathy  with  the 
progress  of  science.  May  be  long  remnin  among  na 
thoH  to  remind  us  of  the  vast  advance  which  Cbeuistrj 
owes  to  liim  ! 

[ind  Ed.]  [Soon  after  I  wrote  these  exprenaiona  of 
hope,  the  period  of  Dalton's  sojourn  among  us  termi- 
nated.    He  died  ou  the  37th  of  July,  1844,  aged  78. 

HLs  fellow -townsmen,  the  inhabitants  of  Manchester, 
who  had  so  long  taken  a  pride  in  his  residuDce  among 
them,  BOoD  after  his  death  came  to  a  deturmination  to 
perpetuate  his  memory  by  estdhliDhiiig  in  bis  honour  a 
Professor  of  ChumiBtry  at  Manchester,] 

Sect.  3. — 7%«  Theory  of  VotTimes.—Gay-Luasac 

The  atomic  theory,  at  the  veiy  epoch  of  its  introduc- 
tion  into  France,  received  a  modilicatioQ  in  virtue  of 
a  curions  discovery  then  made.  Soon  after  the  publi- 
cation of  Dalton's  system,  Gay-Lii^ac  and  Humboldt 
found  a  rule  for  the  combination  of  substances,  which 
includes  that  of  Dalton  as  far  as  it  goes,  but  extends 
to  combinations  of  gasea  only.  This  law  is  the  tlteory 
0/ volumes;  namely,  that  gases  unite  together  fry  t«/u«n0 
it)  very  simple  and  definite  proportions.  TLus  water 
is  composed  exactly  of  100  measures  of  oxygen  and 
100  measurea  of  hydrogen.  And  since  thtiie  simple 
taljos  I  and  I,  i  and  2,  i  and  3,  alone  prevail  in  such 
combinations,  it  may  easily  he  shown  that  laws  like 
Dalton's  law  of  multiple  proportions,  must  obtain  in 
such  cases  hs  ho  conniJered. 

[ind  Ed.]  [M.  Schroder,  of  Mannheim,  has  endea- 
voured to  extend  to  solids  a  law  in  some  degree 
resembling  Oay-Lussac's  law  of  the  volumes  of  gases. 
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Aooording  to  him,  the  rolames  of  the  chemical  eqni~ 
vaJents  of  simple  sitbetancea  and  their  compoundB  are 
ik8  whole  numbers.*  MM.  Kopp,  Flajfair,  anil  Joale 
have  laboured  in  the  same  field.] 

I  cannot  now  attempt  to  trace  other  bearinga  and 
developementa  of  this  remarkable  diBcoTery.  I  bastrai 
on  to  the  last  generalization  of  chemiatry;  which 
presents  to  us  cheniical  forces  under  a  new  aspect,  and 
brings  us  back  to  the  point  from  which  we  departed 
in  commencing  the  history  of  this  science. 


CHAPTER  IS. 
I  or  Datt  ax»  Fabadat. 


THE  iMder  will  wtcaOett  Oat  Ik  HiMar;  of 
Chtmiattj,  tkm^  ^li^^  iw[wiilMl  aad  b- 
itnetive  u  itwJf;  Im  bcea  m  mIii^im  af  tba 
Hiibirj'  of  Btetra-ijwai^e  ffi— ifc — •  wmte^mj 
mtermptioa,  k>«e««r;  far  tiO  «•  bocuw  aeMnBtaA 
witfc  Cb«atiBt(7  in  genenl.  w«  m«U  aet  Mlw  th« 
comae  gf  H^tttP-tLwiiti/ :  ««  «mU  ttoC  otaMto  iu 
(  7«t  pUkMMhkd  UtoocM^Mr  ovw  op*^  iti 
'  '  L  We  kM«  Mw  te  adn>w  to  dvr 
wbklhja  thnaheea  ione,  aaA  ij  wbtMoa; — top«« 

I  fiiiiiia  ii    iniiiri  ill  rri  ij  ml  riiiiii 

TU*  k,  doabden.  m  tuk  of  iMiiiltj  ■ 
Wtt  «kii*ot  ezwnte  it  At  ail,  ezttf* 
tlie  gnat  tmim.  <4  wlucfc  ib«  Am 
^oek,  have  slnadjr  mmmid  Iksr  4««iH  >■«  f«M»- 
Mat  Ibvn.  For  ve  do  not  Icwn  tbe  JM»  *alM  aa4 
ri^t  place  al  inparfat  allifU  aarf  partial  aJwata 
m  acwww,  exMft  by  aeciag  to  wfcal  tk^  k^  W« 
jndge  pnperljr  of  oar  triabaad  gat^a  oaly  wfc(B«« 
have  gamed  oar  pout  Mjoi  gaem^d  riglttlf .  We  ad^t 
penoiaitj  phfloaoffciwil  iWidrieB,  a»d  augi*  lapfwaail 
them  to  MmalvaA  aa  ^arca,  all  pwMAiig  wpriy 
onwBid*  in  Uie  mm»  JirectioB,  whoa  we  hare  to 
ponoe:  aod  it  n  a«lf  ta  pfufwelioa  aa  we  ogrtlgea 
ncftoke  tboae  figarea  ia  tW  nae,  and  paaa  beyond 
Ihem.  that  we  are  ennUed  to  look  b^k  upon  tbctr 
Ctfea;  to  diaoera  tliietr  nnl  aapectBf  and  to  ^tfb  the 
trae  (kiaetcr  of  tbeir  eomteannaea.  FTitf*.  thLw* 
tora^  I  weie  of  opudan  tlttt  tha  pent  tfntba  wbkfa 
Davy  bniagkt  into  n^t  ha*e  been  irmly  catablwhed 
anddeariT^ndotmlby  FaiaAiy,  I  «mtd  act  prelmd. 
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to  give  the  history  of  this  striking  portion  of  science. 
But  I  trust,  by  the  view  I  have  to  offer  of  these  beau- 
tiful trains  of  research  and  their  result,  to  justify  the 
mptiou  on  which  I  thus  proceed. 

I  must,  however,  state,  as  a  further  appeal  to  the 
s  indulgence,  thnt,  even  if  the  great  principles 
of  electro-chemistry  have  now  been  brought  out  in 
their  due  form  and  extent,  the  diacovery  iu  but  a  very 
few  years,  I  might  i-ather  say  a  few  mouths,  old ;  and 
that  this  novelty  adds  materially  to  the  difficulty  of 
estimating  previous  attempts  from  the  point  of  view 
to  which  we  are  thus  led.  It  is  ouly  slowly  and  by 
degrees  that  the  mind  becomes  snflictently  imbood 
with  those  new  truths,  of  which  the  office  ia,  to  change 
the  face  of  a  science.  We  have  to  consider  familiar 
appearances  under  a  new  aspect ;  to  refer  old  fact«  to 

V  principles ;  and  it  is  not  till  after  some  time,  that 
the  struggle  and  hesitation  which  this  employment 
,  subsides  into  a  tranquil  equilibrium.  In 
the  newly-acquired  provinces  of  man's  intelleotuol 
empire,  the  din  and  confusion  of  conquest  pass 
only  gradually  into  quiet  and  security.  We  have  seen, 
in  the  history  of  all  ca]>ital  discoveries,  how  hardly 
they  have  made  their  way,  even  among  the  most 
iutelligent  and  candid  philoaopbers  of  the  antecedent 
schools ;  we  must,  therefore,  not  expect  thnt  the  meta- 
morphosis of  the  theoretical  views  of  chemistry  which 
is  now  going  on,  will  he  effected  without  some  trouble 
and  delay. 

I  shall  endeavour  to  diminish  the  difficulties  of  my 
undertaking,  by  presenting  the  earlier  inve.stigations 
in  the  department  of  which  I  have  now  to  speak,  as 
much  OB  possiiile  according  to  the  most  deliberate  view 
taken  of  them  by  the  great  discoverers  themselves 
Davy  and  Faraday ;  since  these  philosophers  are  they 
who  have  taught  us  the  true  import  of  such  inveati- 
gationa. 

There  is  a  further  difficulty  in  my  task,  to  which  I 
might  refer; — the  difficulty  of  speaking,  without  errour 
and  without  offence,  of  men  now  alive,  or  who  were 
lately  members  of  social  circles  which  exist  still  around 
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Q6.  Bat  the  scientific  history  in  which  such  persons 
\t\Aj  a  part,  is  so  important  to  my  purpose,  that  I  do 
Dot  hesitate  to  incur  the  responsibility  which  the  nar- 
ration involves ;  and  I  have  endeavoured,  earnestly, 
and  I  hope  not  in  vain,  to  speak  as  if  I  were  removed 
by  centuries  from  the  peraonages  of  my  story. 

The  phenomena  observed  in  the  Voltaic  apparatus 
were  nattiraUy  the  subject  of  many  Bpeoulationa  as  to 
their  cause,  and  thus  gave  rise  to  '  Theories  of  the 
Pile.'  Among  these  phenomena  there  was  one  ulass 
which  led  to  most  important  results :  it  was  discovered 
by  Nicholson  and  Carlisle,  in  1800,  that  water  waa 
dfcomposed  by  the  pile  of  Volta  J  that  is,  it  was  fonnd 
that  when  the  wires  of  the  pile  were  placed  with  their 
Boda  near  each  other  in  the  fluid,  a  stream  of  bnbbles 
of  air  arose  from  each  wire,  and  these  airs  were  foand 
OD  examination  to  be  oxygen  and  hydrogen ;  which,  as 
we  have  hod  to  narrate,  had  already  been  found  to  be 
the  on&Btituents  of  water.  This  was,  ns  Davy  says,^ 
tha  true  origin  of  all  that  has  buen  done  in  electro- 
chemical science.  It  was  found  that  other  substances 
also  snifered  a  like  decom position  imder  tbe  same  cir- 
comstanoes.  Certain  metallic  solutions  were  decom- 
posed, and  an  alkali  was  separated  on  the  negative 
plates  of  the  apparatus.  Cruickshank,  in  pursuing 
these  experimeuta,  added  to  them  many  important  new 
results ;  suuh  as  the  deoomjMsition  of  muriates  of  mag- 
nesia, soda,  and  ammonia  by  the  pile;  and  the  genenil 
observation  that  the  alkaline  matter  always  appeared 
at  the  negulive,  and  the  acid  at  the  poailive,  pole. 

Such  was  the  atate  of  the  subject  when  one  who  was 
destined  to  do  so  much  for  its  advance,  first  contri- 
buted his  labours  to  it.  Humphry  Davy  was  a  young 
man  who  had  been  apprenticcid  to  a  surgeon  at  Fen- 
tance,  and  having  shown  an  ardent  love  and  a  strong 
aptitude  for  chemical  research,  was,  iu  1798,  made  tbe 
superintendent  of  a '  Pneumatic  Institution,' established 
at  Bristol  by  Dr.  fieddoes,  for  the  purpose  of  disco- 
vering medical  powers  of  fectitious  airs."    But  his  main 
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mttentioD  was  aoon  drawn  to  galvanism ;  and  when,  in 
DonstqutiDce  uf  the  reputation  he  had  acquired,  he  was, 
in  1801,  appointed  lecturer  at  the  Royal  lustitution  in 
London,  (then  recenUy  established,)  he  was  soon  put  in 
posseasion  of  a  galvanic  apparatus  of  great  power ;  and 
with  this  he  waa  not  long  in  ohtaining  the  most  utrilung 
resulta. 

His  first  paper  on  the  Bubject'  ie  sent  from  Bristol,  in 
September,  1800  ;  and  describes  expeiimenba,  in  which 
he  had  tuucd  that  the  decompositions  obaerved  by 
Nicholson  and  Carlisle  go  on,  although  the  water,  or 
other  substatioe  in  which  the  two  wii-es  are  plunged, 
be  separated  into  two  portions,  provided  these  portions 
Are  connected  by  muscular  or  other  tibres,  This  use  of 
muscular  fibres  was,  probably,  a  remnant  of  tlie  origi- 
nal diHposition;  or  accident,  by  which  galvanism  bail 
been  connected  with  physiology,  as  much  as  with 
ohemifltry.  Davy,  however,  soon  went  on  towards  the 
oonclusion, that  the phenoDienawerealtogether chemical 
in  their  nature.  He  had  already  conjectured,*  in 
i8o2,  that  all  decompositions  might  hepolar;  that  is, 
that  in  all  cases  of  chemical  decomposition,  the  ele- 
ments might  be  related  to  each  other  as  electrioally 
positive  and  Tiegative;  a  thought  which  it  was  tho 
peculiar  glory  of  his  school  to  confirm  and  place  in  a 
distinct  light.  At  this  period  such  a  view  was  fiu" 
from  obvious ;  and  it  was  contended  by  many,  on  the 
contrary,  that  the  elements  which  the  voltaic  apparatus 
brought  to  view,  were  not  liberated  from  combinations, 
but  generated.  In  1806,  Davy  attempted  the  solution 
of  this  question ;  he  showed  that  the  ingredients  which 
had  been  supposed  to  be  produced  by  electrioity,  were 
due  to  impUritiea  in  the  water,  or  to  the  decomposition 
of  the  vessels;  and  thus  removed  all  preliminary  dif- 
ficulties. And  then,  as  he  says,^  '  referring  to  my 
experiments  of  1800, 1801,  and  iSaa,  and  to  a  number 
of  new  facts,  which  showed  that  inflammable  substances 
and  oxygen,  alkalies  and  acids,  and  oxidable  and  noble 


tnetala,  were  in  electrical  relations  of  positive  and 
negative,  I  drew  the  concluaion,  that  the  ootnbhuUiona 
and  deeomposiliont  by  dfclrieity  wtre  re/erribU  to  the 
lau)  of  deetrical  aUraetiona  and  repulsions,'  and  »d- 
Tanced  the  hypothesis,  '  thai  ehemieal  and  eleetrieal 
aUractiana  were  jmidueed  by  the  aamie  eaute,  acting  in 
the  one  etue  on  particles,  in  the  other  on  meuse»; . . .  and 
that  th«  same  property,  umler  different  vwdifications, 
inu  the  cause  of  aU  the  phenomena  eiJabiled  by  d\ffmwU 
collaic  coiabinationM.' 

Although  this  is  the  enuncialion,  in  tolerablj 
precise  tenna,  of  the  great  discovery  of  this  epoch,  it 
was,  at  the  period  of  which  we  s|ieak,  conjectured 
rather  th&D  proved;  and  we  shall  tind  that  neither 
Davy  nor  his  followers,  for  a  considerable  period, 
Apprehended  it  with  that  distinolnesti  which  makes  a 
diBcorery  complete.  But  in  a  very  short  time  after- 
wards, Davy  drew  great  additioQal  notice  to  his  re- 
searches by  eSectiug,  in  pursuance,  as  it  appeared,  of 
hia  theoretical  views,  the  deconi position  of  potassa 
into  a  metallic  base  and  oxygen.  This  waa,  «s  he  truly 
nid,  in  the  memorandum  written  in  his  journal  at  the 
itntont,  '  a  capital  experiment'  This  dieoovery  was 
•oon  fullowed  by  that  of  the  decomposition  of  woAe.; 
and  shortly  after,  of  other  bodies  of  the  same  kind; 
■ad  the  interest  and  activity  of  the  whole  chemical 
vorld  were  turned  to  the  subject  in  an  intense 
degree. 

At  this  period,  there  might  be  noticed  three  great 
branohes  of  speculation  on  this  subject;  the  theory  of 
Ab  pile,  the  theory  of  electrical  decomposition,  and  the 
theory  of  the  identity  of  chemical  and  electrical  forces  ; 
which  last  doctrine,  however,  was  found  to  include 
the  other  two,  as  might  have  been  anticipated  irom 
the  time  of  its  first  suggestion. 

It  will  not  be  uecessary  to  say  much  on  the  theories 
of  the  Tolbiic  pile,  as  separate  from  other  parts  of  the 
labject.  The  contact-llieory,  which  ascribed  the  action 
to  the  contact  of  different  metals,  was  maintained  by 
Tolta  himself;  but  gradually  disappeared,  an  it  was 
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proved  (by  Wollaston*  especially,)  that  the  effect  of 
tbe  pile  was  I'n^epiirEibly  conneoted  witb  oxidation  or 
otber  cbeniical  chaugea.  The  theories  of  electro- 
chemicHl  dec om position  were  numerouB,  and  especially 
after  the  promulgation  of  Davy's  Mettwir  in  i8o6j 
uid,  whatever  might  be  the  defects  under  which  these 
speculations  for  a  long  time  laboured,  the  subject  was 
powerfully  urged  on  in  the  direction  in  which  truth  lay, 
by  Ddvy'a  discoveries  and  views.  That  there  remained 
something  Htill  to  be  done,  in  order  to  give  full  evidence 
and  cwiisistency  to  the  theory,  appears  from  this; — 
that  some  of  the  most  important  parts  of  Davy's  reanlla 
struck  his  followers  as  extraoi'dinary  paradoxes; — for 
instance,  the  fact  that  the  decom]iosed  elemente  are 
transferred  from  one  part  of  the  circuit  to  another,  in 
a  form  which  escapes  the  cognizance  of  our  senses, 
through  intervening  substances  for  which  they  have  a 
strong  affinity.  It  was  found  aftei'wards  that  the 
circumstance  which  appeared  to  make  the  process  so 
wonderful,  wna,  in  fact,  the  condition  of  its  going  on 
at  all.  Davy's  expressions  often  seem  to  indicate  the 
most  exact  notions :  for  instance,  he  nays,  '  It  is  very 
natnral  to  suppose  that  the  repellent  and  attmctive 
energies  are  couimnnicated  from  one  particle  to  another 
of  the  same  kind,  so  aa  to  establish  a  conducting  c/tat'n 
in  the  fluid;  and  that  the  locomotion  takes  place  in 
consequence;''  and  yet  at  other  times  he  speaks  of  the 
elementH  as  attracted  and  repeVed  by  the  metallic 
sitffacea  which  form  the  pole»; — a  different,  and,  as  it 
appeared  afterwards,  an  untenable  view.  Mr.  Faraday, 
who  supplied  what  was  wanting,  justly  notices  this 
va^eness.  He  saye,*  that  though,  in  Davy's  celebrated 
Memoir  of  1606,  the  points  established  are  of  the 
utmost  value,  '  the  mode  of  action  by  which  the  effects 
take  jilace  is  stated  very  generally;  so  generally,  indeed, 
that  probably  a  dozen  precise  schemes  of  electro-che- 
mical action  might  be  drawn  up,  differing  e&sentially 
from  each  other,  yet  all  agreeing  with  the  atatemenfi 
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[veD.'     And  at  a  period  a  little  later,  being 

m^ed  by  Davy's  brother  wilJi  injustice  in  this 

"'  '"        he  substantiated  his  assertion  by  an  enu- 

of  twelve   such   schemes  which   bad   been 

But  yet  we  cannot  look  upon  this  Memoir  of  i8o6, 
otherwise  than  as  a  great  event,  perhaps  the  most  Im- 
portant event  of  the  epoch  now  under  review.  And 
IS  sach  it  was  recognized  at  once  all  over  Europe.  In 
particular,  it  received  the  distinguished  honour  of 
being  crowned  by  the  Institute  of  France,  although 
that  country  and  England  were  then  engaged  iu  lierce 
Lostility.  Buonaparte  had  proposed  a  piize  of  sixty 
thousand  francs  '  to  the  person  who  by  his  experi- 
ments and  discoveries  should  advance  the  kiiowledge 
of  electricity  and  galvanism,  as  much  as  Franklin  and 
Yolta  did ;'  and  '  of  three  thousand  fruncs  for  the  best 
experiment  which  should  be  made  iu  the  course  of 
each  year  on  the  galvanic  fluid;'  the  latter  prize  was, 
by  the  First  Class  of  the  Institute,  awarded  to  Davy. 

From  this  period  he  rose  rapidly  to  honours  and 
distinctions,  and  reached  a  height  of  scientiflc  fame 
■8  great  as  has  ever  fallen  to  the  lot  of  a  discoverer  in 
w  short  a  time.  I  shall  not,  however,  dwell  on  such 
rarcumstances,  but  confine  myself  to  the  progress  of  my 
mbject. 

■EiUabtiihmenl  of  the  Eledrthchemical  Theori/ 
hy  Faraday, 

defects  of  Davy's  theoretical  views  will  be  seen 
clearly  by  explaining  what  Faraday  added  to 
them.  Michael  Faraday  was  in  every  way  fitted  and 
led  to  become  Davy's  successor  in  his  great  career  of 
discovery.  In  i8ia,beingtben  a  bookseller's  appren- 
tice, he  attended  the  lectures  of  Davy,  which  at  that 
period  excited  the  highest  admiration.^  '  My  desire 
to  escape  from  trade,'  Mr.  Faraday  says,  '  which  I 
thought  vicious  and  selfish,  and  to  enter  into  the 
forvice  of  science,  which  I  imagined  made  its  pursuer* 
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amiable  and  liberal,  induced  me  at  last  to  take  the 
bold  and  Biniple  at«p  of  writing  to  Sir  H.  Da»7.'  He 
was  fftYourably  received,  and,  in  the  next  year,  became 
Davy's  asaistant  at  the  Institution;  and  aflerwarda 
his  successor.  The  lostitution  which  produced  such 
rcaearohee  as  those  of  these  two  men,  may  well  be 
considered  as  a  great  school  of  exact  and  philosophical 
chemistry.  Mr.  Faraday,  from  the  begiDnicg  of  bis 
course  of  inquiry,  appears  to  have  liad  the  coiiscjoua- 
nes8  that  he  was  engaged  on  a  great  connected  work. 
His  ExperiimtUal  Eesearclie/i,  which  appeared  in  a 
seriea  of  Memoirs  in  the  Philoanphical  Traneaetiont, 
are  divided  into  Hhort  paragraphs,  numbered  in  a  con- 
tinued order  from  i  np  to  1160,  at  the  time  at  which 
I  WTitei'"  and  destined,  probably,  to  extend  much 
further.  These  paragraphs  are  connected  by  a  very 
rigorous  method  of  investigation  and  reasoning  which 
runs  through  the  whole  body  of  them.  Yet  this 
unity  of  purpose  was  not  at  first  obvious.  His  first 
twoMemoira  were  upon  subjects  which  we  have  already 
treated  of  (B.  xiii.  c,  5  and  c.  8),  Voltaic  Induction, 
and  the  evolution  of  Electricity  from  Magnetism, 
His  '  Third  Series'  has  also  been  already  referred  to. 
Its  object  was,  as  a  preparatory  step  towards  further 
investigation,  to  show  the  identity  of  voltaic  and 
animal  electricity  with  that  of  the  electrical  machine; 
and  as  machine  electricity  differs  from  the  other  kinds 
in  being  successively  in  a  state  of  tension  and  explosion, 
inste^ad  of  a  continued  current,  Mr.  Faraday  succeeded 
in  identifying  it  with  them,  by  causing  the  electrical 
discharge  to  pana  through  a  bad  conductor  into  a 
discharging-train  of  vast  extent;  nothing  less,  indeed, 
than  the  whole  fabric  of  the  metallic  gna-pipes  and 
water-pipes  of  London.  In  this  Memoir"  it  is  easy 
to  see  already  traces  of  the  general  tlieoretical  views 
at  which  he  had  arrived ;  but  these  are  not  expressly 
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1  til]  his  '  Fifth  Series;*  hia  hrtcnnediate  Fonrtfc 

Series  being  occupied  b^  another  mlmdiarj  Ubotu*  on 
the  caoditioiiB  of  conduction.  Ai  lekgti,  tuxrercr, 
ill  the  Fifth  Series,  which  wu  read  to  the  Rojral 
Society  in  Jane,  1833,  he  &p]ir«adiM  the  theorj  of 
electro-chemical  decomposition-  Moat  preceding  tbeo- 
riata,  and  Dsvj  unongHt  the  nwnber,  had  referred 
this  remit  to  attractive  jxnoerg  rending  in  the  pUm  at 
tiie  ^paratua;  and  had  even  pretended  to  eontpve 
the  intennty  of  this  attraction  at  different  dietaneea 
from  the  poles.  By  a  numtwr  of  singulitri/  beautiful 
and  skilful  experiments,  Ur.  Faraday  thowi  that  the 
phenomena  can  with  no  proprie^  be  ancribed  to  the 
attraction  of  the  jxilex."  '  As  the  anbatancea  erolred 
in  cases  of  electro-chemical  deoompoaitiuo  may  be 
mode  to  appear  against  air,'*  which,  according  to 
common  Unguage,  is  not  a  condnetor,  nor  im  dcoon- 
posed ;  or  against  water,'*  which  is  a  coodoetcr,  aai 
ran  be  decomposed;  as  well  as  agauut  the  natal 
poles,  which  are  excellent  conductm,  bat  ■. 
poeable;  there  appean  bat  little  reaaon  tOi 
this  phenomenon  generally  aa  dae  to  tJie  attraction 
or  attractive  powers  of  the  latter,  when  naed  in  the 
ordinary  way,  since  similar  attractions  can  hardly  be 
imagined  in  the  former  iuatance*.' 

Faraday's  opinion,  and,  indeed,  the  only  way  of 
eipreaaing  the  resnita  of  hla  experimcuta,  was,  that 
the  chemical  elements,  in  obedience  to  the  direction  of 
the  Toltajc  currents  established  in  the  deoomposiDg 
anbstance,  were  evolted.or,  as  he  i)refer»  to  oay,  ejected 
at  its  extremities.'^  He  ailerwarda  Kt«t«H  that  the 
inflaeDce  which  is  present  in  the  electric  current  may 
.be  deecribed"*  as  an  axii  of  pomer,  Im/mi'g  [at  each 
point]  contrary  forcet  exactly  equal  in  aiiivunt  in 
gonlrary  dvreetion$. 

Having  arrived  at  this  point,  Faraday  rightly  wished 
to  reject  the  term  ptJ^,  and  other  worda  which  Gould 
^iMidly  be  nsed   without   suggesting  doctrinea    now 
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proved  to  be  erroneouB.  He  oonaiclered,  in  the  case  of 
bodies  electrically  decomposed,  or,  ae  he  termed  them, 
electrolytes,  the  elements  as  travelling  in  two  opposite 
directions;  which,  with  reference  to  the  direction  of 
terrestrial  magoetism,  might  be  considei-ed  osnaturatl; 
east  and  west;  and  be  conceived  elements  as,  in  thii 
way,  arriving  at  the  doors  or  outlets  at  which  they 
finally  made  their  separate  appearance.  The  doota  he 
called  electrodes,  and,  separately,  the  anode  and  the 
cathode;^''  and  the  elements  which  thus  travel  he 
termed  the  anion  and  the  cation  (or  cnf/iiioji).'^  By 
means  of  this  nomenclature  he  waa  able  to  express 
bis  geueral  results  with  much  more  distinctness  and 
facility. 

But  this  general  view  of  the  electrolytical  process 
required  to  be  pursued  further,  in  order  to  explain 
the  nature  of  the  action.  The  identity  of  electricai 
and  chemical  furcea,  which  had  been  hazarded  aa  a 
conjecture  by  Davy,  and  adopted  as  the  basis  of  che* 
miatry  by  BerEeliua,  could  only  be  eatabliahed  by 
exact  measures  and  rigorous  proofs.  Faraday  had,  in 
his  proof  of  the  identity  of  voltaic  and  electric  agency, 
attempted  also  to  devise  such  a  measure  as  should 
give  him  a  comparison  of  their  quantity;  and  in  this 
way  he  proved  that'*  a  voltaic  group  of  two  small 
wires  of  platinum  and  zinc,  placed  near  each  other, 
and  immersed  in  dilute  acid  for  three  seconds,  yields 
as  much  electricity  aa  the  electrical  battery,  charged 
by  ten  turns  of  a  large  machine;  and  this  waa  esta- 
blished both  by  its  momentary  electro-magnetic  effec^ 
and  by  the  amount  of  its  chemical  action.*" 

It  was  in  his  '  Seventh  Series,'  that  he  finally  esta- 
blished a  principle  of  definite  measurement  of  the 
amount  of  electrolytical  action,  and  described  an 
instrument  which  he  termed-'  a  v(dta-eleetrometw.    In 
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tbis  instroment,  the  unoiiiit  of  actioa  was  meaniTtMl 
\jj  the  quantity  of  water  decompoeeil :  and  it  wm 
neccsHuy,  in  order  to  give  validity  to  tLfr  menanntiaii, 
to  show  (as  Faraday  did  show)  tl^t  aeitber  tlw  Bie  of 
the  electrudes,  nor  the  intensity  of  tbe  cnirent,  nor 
the  str«ugtli  of  tbe  acid  aolutioa  which  acted  on  tbe 
pUtes  of  the  pi]«,  disturbed  the  aecmmcy  of  thii 
measure.  He  proved,  by  experiments  npon  a  great 
viuiety  of  suhst^nces,  of  the  most  different  kindi,  that 
the  electro-chemic&l  action  is  definite  in  amount  ae- 
cording  to  the  messorement  of  the  new  inatrument.^ 
He  had  already,  at  an  earlier  period,^  ■IK  ifiil,  that 
l/ie chemical poUKT 0/ a  eurreiU  o/dettrieity  is  in  dirtet 
proportion  to  the  absolute  quantilif  of  eUftriciiy  toAtcA 
paaseMi  but  the  volta-electromet«r  enabled  him  to  fix 
with  more  precision  tbe  meaning  of  this  genend  pro- 
poMtion,  SB  well  aa  to  place  it  beyond  doabt. 

The  vast  importance  of  this  et«p  in  chemistry  toon 
came  into  view.  By  the  use  of  the  volta-electrometer, 
Faraday  obtained,  for  each  elementary  auhetance,  a 
number  which  repreaented  the  relative  amount  of  its 
decomposition,  and  which  might  properly^  b«  called 
ita  '  eli!Ctro^hemical  equivalent.'  And  the  question 
uaturalty  occurs,  whether  these  nnmbers  bore  any 
relation  U>  any  previously  established  chemii»l  me*' 
earea.  The  answer  is  remarkable.  Tliiey  men  no  other 
lAan  the  atomte  leeighu  o/the  DalUmian  theory,  which 
formed  the  climnx  of  the  previons  ascent  of  chemistry; 
and  thus  here,  as  everywhere  in  the  progress  of  science, 
the  geni^ralizations  of  ooe  generation  are  abaorbed  in 
tbe  wider  generaiizations  of  the  next. 

But  in  order  to  reach  securely  this  wider  generaliza- 
tion, Famday  combined  the  two  branches  of  tbe 
subject  which  we  have  already  noticed; — the  theory  of 
eUctrieal  decomposition  with  the  theory  oft}ie  pOe.  For 
his  researches  on  the  origin  of  activity  of  tbe  voltaic 
circuit  (his  Fighth  Series),  led  him  to  see  more  clearly 
than  any  one  before  him,  what,  as  we  have  said,  the 
most  eagacioua  of  preceding  philosophers  hod  main. 
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tamed,  tliAt  the  current  in  the  pile  was  due  to  the 

niutiULl  chemical  action  of  its  elements.  He  was  led 
to  conaidcr  the  processes  which  go  on  in  the  excitittg- 
ceU,  and  in  the  decomposing  place,  as  of  the  aame  kind, 
but  opposite  in  direction.  The  chemical  compoxilion 
of  the  fluid  with  the  idnc,  in  the  common  apparatus, 
produces,  when  the  circuit  is  completed,  a  current  of 
electric  influence  in  the  wire;  and  this  current,  if  it 
pass  through  an  electroljte,  mukifcsts  itself  bj  deeom- 
poskion,  overcoming  the  comical  affinity  which  there 
resists  it.  An  electrolyte  cannot  couduet  without 
being  decompoxod.  The  forces  at  the  point  of  00m- 
poaitiOD  and  the  point  of  decomposition  are  of  the 
same  kind,  and  are  opposed  to  each  other  by  means  of 
the  conduoting-wire;  the  wire  may  properly  be  spoken 
of*^  as  conducting  chemical  a§inily:  it  allows  two 
forces  uf  the  same  kind  to  oppose  one  anotherj*" 
electricity  is  only  another  mode  of  the  exertion  of 
chemical  forces;^  and  we  might  express  all  the  cdr- 
cumstances  of  the  voltaic  pile  without  using  anyotlier 
term  than  chemical  affinity,  though  that  of  electricity 
may  be  very  convenient.^  Bodies  are  held  together 
by  a  definite  power,  which,  when  it  ceases  to  discharge 
that  office,  may  be  thi'own  into  the  conditioa  of  an 
electric  current." 

Thus  the  great  principle  of  the  identity  of  eleotrical 
and  chemical  action  was  oompletely  established.  It 
was,  as  Fai'aduy,  with  great  candour  says,'"  a  confirma- 
tion of  the  general  views  put  forth  by  Davy,  in  1806, 
and  might  be  espresJicd  in  hia  terms,  that  '  chemical 
and  electrical  attractions  are  produced  by  the  same 
cause ;'  but  it  is  easy  to  see  that  neither  was  the  full 
import  of  these  axpi'Cssiona  understood,  nor  were  the 
quantities  to  which  they  refer  conceived  as  measure- 
able  quantities,  nor  was  the  assertion  anything  but  a 
sagacious  conjecture,  till  Faraday  gave  the  interpreta- 
tion, measure,  and  proof,  of  which  we  have  spoken. 
The  evidence  of  the  incompleteness  of  the  views  of  his 
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predecessor  ve  bave  aJreadj  Adduced,  in  sjte&ldag  of 
fais  vague  and  inconsistent  theoretical  account  of  de- 
compoation.  Tiie  confirmation  of  Dave's  discoveriea 
bjr  Faradaj  is  of  the  nature  of  Newton's  confinnatioa 
of  the  views  of  BorelH  and  Ilooke  respecting  grevil^, 
or  like  Young's  confirmation  of  the  uudulatorf  tbeotj 
of  HuygheOA, 

We  roost  not  omit  to  repeat  here  the  moral  which 
we  wish  to  di%w  troin  all  great  discoveries,  that  thej 
depend  upon  the  combination  of  exa<^  /<tcU  with  eUar 
ideiu.  The  former  of  these  conditions  is  easily  illus- 
tiftted  iu  the  case  of  Davy  and  Faradaj.  both  admirable 
and  delicate  experimenterB.  Davj's  rapidity  and 
reaouroe  iu  eipenmenting  were  extraordinary/'  and 
extreme  elegance  and  ingenuity  distinguish  almost 
ererj  process  of  Faraday.  Be  bad  published,  in  1829, 
a  work  on  Ckenueal  Maniptdatitm,  in  which  directions 
are  given  for  performing  in  the  neatest  manner  all 
chemical  proceieics.  Manipulation,  as  he  there  truly 
says,  is  to  the  chemist  like  the  external  senses  to  the 
mind  j^'  and  without  the  supply  of  fit  materials  which 
such  senses  only  can  give,  the  mind  can  acquire  no  real 
knowledge. 

But  still  the  operations  of  the  mind  as  well  aa  the 
information  of  the  seiiscs,  ideas  as  well  as  fHCtH.  are 
requisite  ibr  the  attainment  of  any  knowledge ;  and  all 
great  st«pa  in  science  require  »  peculiar  distinctncsa 
and  vividness  of  thought  in  the  discoverer.  This  it  is 
difficult  to  exemplify  in  any  belter  way  than  by  the 
diacoveries  themselves.  Both  "Domj  and  Faraday  poa- 
sened  tliis  vividness  of  tnind ;  and  it  was  a  consequence 
of  this  endowment,  thai  Davy's  lectures  upon  chemistty, 
and  Faraday's  ii[>od  almost  any  enbject  of  physical 
philosophy,  were  of  the  most  brilliant  and  captivating 
character.  In  di.scoveriug  the  nature  of  voltaic  action, 
the  essential  tutellt^ctua.)  requisite  was  to  have  a  distinct 
conception  of  that  which  Faraday  expressod  by  ths 
remarkable  phrase,''^  '  an  axis  of  power  hatdny  equal 
and  opposite /oreei :'  and  the  distinctness  of  this  idea 
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in  Faraday's  minil  Bhinea  forth  in  every  part  of  hia 
writings.  Thus  he  says,  the  force  which  determines 
the  decomposition  of  a  body  is  in  the  body,  not  in  the 
poles.^  But  for  the  moat  part  he  can  of  course  only 
convey  this  fiindsniental  idea  hy  illnntrations.  Thus" 
he  represents  the  voltaic  circuit  by  a  double  circlf, 
studded  with  the  elements  of  the  circuit,  and  shows 
how  the  an'iona  travel  round  it  in  one  direction,  nnd 
the  ealliimti  in  the  opposite.  He  considers^  the 
powers  at  the  two  places  of  action  as  balancing  againat 
each  other  through  tlie  medium  of  the  conductors,  in 
a  manner  analogous  to  that  in  which  mechanical  forces 
are  balanced  against  each  other  by  the  intervention  of 
the  lever.  It  is  impossible  to  him"  to  resist  the  idea, 
that  the  voltaic  current  must  be  preceded  by  a  state 
of  tension  iu  i la  interrupted  condition,  which  is  relieved 
when  the  circuit  is  completed.  He  apjioars  to  possess 
the  idea  of  this  kind  of  force  with  the  same  eminent 
dietinctuess  with  which  Archimedes  in  the  ancient, 
and  Btevinus  in  the  modem  history  of  science,  poa- 
soBGed  the  idea  of  pressure,  and  were  thus  able  to  found 
the  science  of  mechanics.^  And  when  he  cannot 
obtain  these  distinct  modes  of  conception,  he  is  dia- 
satiafied,  and  conscious  of  defect.  Thus  in  the  relation 
between  magnetism  and  electricity,"^  '  there  appears  to 
be  a  link  in  the  chain  of  effects,  a  wheel  in  the  physical 
mechanism  of  the  action,  as  yet  unrecognized.'  All 
this  variety  of  expression  shows  how  deeply  seated  b 
the  thought.  This  conception  of  Chemical  Affinity  aa 
a  peculiar  influence  or  force,  which,  acting  in  o[iposit« 
directions,  combines  and  resolves  bodies; — which  may 
be  liberated  and  tlirown  into  the  form  of  a  voltaic 
current,  and  thus  be  transferred  to  remote  points, 
and  applied  in  various  ways; — is  essential  to  the 
understanding,  as  it  was  to  the  making,  of  these 
discoveries. 

By  those  to  whom  this  conception  has  been  conveyed, 
I  venture  to  trust  that  I  shall  be  held  to  have  given  ■ 
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fititfiful  acconot  of  this  important  enent  in  Out  liutorj 
of  ttcieoce.  We  msj,  before  w«  qnit  the  mliject,  node* 
one  or  two  of  the  remai^aUe  aabonlimte  fcatores  of 
Faraday's  discoveriea. 

Sect.  y-~Con**queneei  of  Faraday  1  Dimeaverit*. 
FaBADAT'b  Tolta -electrometer,  in  TOnjonrtion  with  the 
method  he  had  aIfouIj  emplojcd,  as  we  hare  *eeti,  tat 
the  comparison  of  Toltaic  and  common  eJectricitjr, 
enabled  him  to  measure  the  sctn^  qnantity  of  eleo- 
tricity  which  is  exhibited,  in  giTcn  cub^  in  the  fom 
(if  chemical  affinity.  His  results  appeared  in  nnmben 
of  that  enormous  amount  which  so  often  come*  before 
us  in  the  cipresian  of  n&taral  lawx.  One  gtxin  of 
water'*  will  require  for  its  decomposition  aa  much 
electricity  as  would  make  a  powerful  flash  of  lightning, 
fij  further  calcalation,  he  Gnda  this  quantity  to  be  not 
leas  than  800,000  charges  of  hift  Leydeu  Lattery ;  *'  and 
this  is,  by  his  theory  of  the  identity  of  the  cumbiniug 
with  the  decomposing  force,  the  quantity  of  eleclridty 
which  is  naturally  associated  with  the  elements  of 
the  grain  of  water,  endowing  them  with  their  mutual 
affinity. 

Many  of  the  subordinate  facts  and  laws  which  were 
bnmglit  to  light  by  these  researches,  clearly  |ioint  to 
generalizations,  not  incladed  in  that  which  we  hare 
had  to  consider,  and  not  yet  discovered :  such  laws  do 
not  properly  belong  to  our  main  plan,  which  is  to 
make  our  way  vp  to  the  generalizations.  Bat  there  is 
one  which  eo  evidently  pntmises  to  hare  an  important 
bearing  on  future  chemical  theories,  that  I  will  briefly 
mention  it.  The  class  of  bodies  which  are  capable  of 
electrical  decomposition  is  Umitcd  by  a  very  remaikable 
law :  they  are  such  binary  compounds  only  as  consist  of 
KTigk  proportionals  of  their  elementary  principles.  It 
does  not  belong  to  ua  here  to  Hjieculate  on  the  posible 
import  of  this  curiona  law ;  which,  if  not  fully  esta- 
blished, Faraday  has  rendered,  at  least,  highly  pro- 
bable:*' but  it  is  impossible  not  to  see  how  closely  it 
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connects  the  Atomic  with  the  Elect ro-ohetuical  Theory; 
and  in  the  connexion  of  these  two  great  luembera  of 
ChemiBtry.  is  involved  tlie  prospect  of  its  reaching 
wider  generalizations,  and  principles  more  profoimd 
tlian  we  have  yet  caught  sight  of. 

Aa  another  example  of  this  connexion,  I  will,  finally, 
notice  that  Faraday  has  emp1oye<1  his  discoveries  in 
order  to  decide,  iti  some  doubtful  cases,  what  is  the 
true  chemical  equivftjent;*^  '  I  have  such  conviction," 
ho  says,  '  that  the  power  which  governs  electro-decom- 
position and  onlinary  cliomical  attractions  is  the  same ; 
and  such  contideuce  in  the  overruling  influence  of 
those  natural  laws  which  render  the  former  detuite, 
as  to  feel  no  hesitation  in  believing  that  the  latter 
must  submit  to  them  too.  Such  being  the  case,  I  can 
have  no  doubt  that,  assuming  hydrogen  as  i,  and  dis- 
missing small  iiuctions  for  the  simplicity  of  expression, 
the  equivalent  number  or  atomic  weight  of  oxygen  is 
8,  of  chlorine  36,  of  bromine  78*4,  of  le^  i03'5,of  tin 
59,  ice;  notwithstanding  that  a  very  high  authoritr 
doubles  several  of  these  numhem'  J^H 


Se<^.  4. — Eectption  of  the  Electro-chemical  Tkeory^^ 

Toe  epoch  of  establishment  of  the  electro-chemical 
theory,  like  other  great  scientitic  epochs,  must  have 
its  sequel,  the  period  of  its  reception  and  confimut- 
tiun,  applicAtion  and  extension.  In  that  period  we  ore 
living,  and  it  must  be  the  task  of  future  historians  to 
trace  its  course. 

We  may,  however,  say  a  word  on  the  reception 
which  the  theory  met  with,  in  the  forms  which  it 
assumed,  anterior  to  the  labours  of  Faraday.  Even 
before  the  great  discovery  of  Davy,  Grottliuas,  in  1805, 
had  written  upon  the  theory  of  electroHjhemical  de- 
composition ;  hut  he  and,  as  we  have  seen,  Davy,  and 
afterwards  other  wiiters,  as  RiSault  and  Chonipr^  in 
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1807,  referred  the  effeeteto  thepolea.**  But  tbe  most 
importMiI  attempt  to  ap|)roj>riHie  and  employ  the 
generalization  which  these  ditscoveries  Buggeste*!,  was 
that  of  Bercfllius;  who  adopted  utoiice  the  view  of  the 
identity,  or  at  least  the  universal  connexion,  of  eleo- 
IrioU  relations  with  chemical  affinity.  He  coBsidered,* 
that  in  all  cheinioil  oombJnRlioiis  the  elements  may  be 
considered  as  electro-positive  and  electro-negative; 
and  made  thix  opgiosition  the  basis  of  his  chemical 
doctrines;  in  which  he  was  followed  by  a  large  body 
of  the  cheuiists  of  Germany.  He  held  too  that  the 
heat  and  light,  evolved  during  casen  of  powerful  com- 
bination,  are  the  consequence  of  the  electric  discharge 
which  is  at  that  moment  taking  place:  a  conjecture 
which  Faraday  at  fint  spoke  of  with  pmae.*'  Bat  at 
a  later  period  he  more  sagely  sayn,'^  that  the  flume 
which  is  produced  in  such  cafes  exhibits  but  a  small 
portion  of  tiie  electric  power  which  really  acta.  '  These 
therefore  may  not,  cannot,  be  taken  as  evidences  of 
the  nature  of  the  action;  but  are  merely  incidental 
results,  incomparably  small  in  relutiuii  to  the  forces 
concerned,  and  supplying  no  information  of  the  way 
in  which  the  particliis  are  active  on  each  other,  or  in 
which  their  forces  are  finally  arranged.'  And  com- 
paring the  evidence  which  he  hinii^If  liad  given  of  the 
principle  on  which  Uerzeliun's  »[iecuktions  ivstcd,  with 
the  speculations  theroselvw,  Faraday  justly  conceived, 
that  he  had  transfcri'ed  the  doctrine  from  the  domain 
of  what  he  calls  dimbtful  knawledye,  to  that  of  induc- 
tive certainty. 

Now  that  we  are  arrived  at  the  starting- place, 
from  which  this  wrlUprovcd  truth,  the  identity  of 
electric  and  chemical  forces,  must  make  itn  future 
advances,  it  would  be  trifling  to  dwell  lunger  on  the 
_det*il8  of  the  diffusion  of  that  dimbtful  knowledge 
more  certain  science.    Our  histoiy 
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of  chemistry  is,  therefore,  here  at  an  end.  I  have,  as 
&r  as  I  could,  executed  my  task;  which  was,  to  mark 
all  the  great  steps  of  its  advance,  from  the  most  un- 
connected facts  and  the  most  imperfect  speculations, 
to  the  highest  generalization  at  which  chemical  phi- 
losophers have  yet  arrived. 

Yet  it  will  appear  to  our  puipose  to  say  a  few 
words  on  the  connexion  of  thi^  science  with  those  of 
which  we  are  next  to  treat;  and  that  I  now  proceed 
to  do. 


CHAPTER  X. 

Transitioi!    from  the   Chemical  to  the  Classifi- 
CATORV  Sciences. 

IT  is  the  object  and  the  boast  of  chemistry  to  acquire 
B  kBowledge  of  bodies  which  is  more  exact  and 
conatant  than  any  knowledge  borrowed  from  their 
sensible  qualities  can  be;  since  it  penetrates  into  their 
intimate  constitution,  and  diaclosea  to  us  the  invariable 
laws  of  their  composition.  But  yet  it  will  be  seen,  on 
a  little  reflection,  that  such  knowledge  conld  not  have 
any  esistence,  if  we  were  not  also  attentive  to  their 
aenaible  qualities. 

The  whole  fabric  of  chemistry  rests,  even  at  the 
preseut  day,  upon  the  oppoaitioa  of  acids  and  bases: 
&Q  acid  WHS  certainly  at  first  known  by  its  sensible 
qualities,  and  how  otherwise,  even  now,  do  we  perceive 
its  quahty  1  It  was  a  great  discovery  of  modem  timea 
that  earths  and  alkalies  have  for  their  bases  metals: 
but  wliat  are  ■inetais  1  or  how,  except  from  lustre, 
barduesa,  weight,  and  the  like,  do  we  recognize  a  body 
as  a  metal  1  And  how,  except  by  such  characters, 
even  before  its  analysis,  was  it  known  to  be  an  earth 
or  an  alkali*  We  must  suppose  some  classification 
established,  before  we  can  make  any  advance  by  expe- 
riment or  observation. 

It  is  easy  to  see  that  all  attempts  to  avoid  this 
difficulty  by  referring  to  processes  and  analogies,  as 
well  as  to  substances,  bring  us  back  to  tlie  same  point 
in  a  circle  of  fallacies.  If  we  say  that  an  acid  and 
alkali  are  known  by  combining  with  each  other,  we 
still  must  ask,  What  is  the  criterion  that  they  have 
eombiiied  1  If  we  say  that  the  distinctive  qualities  of 
metuls  and  earths  are,  that  metals  become  earths  by 
oxidation,  we  must  still  inquire  how  we  recognize  the 
process  of  oxidation  1  We  have  seen  how  important  a 
part  combustion  plays  in  the  history  of  chemical  spe- 
culation; and  we  may  usefully  form  such  classes^  of 
bodies  as  eomintaliblea  and  aapporlera  qf  comfciMfion. 
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But  even  combuntion  is  not  capable  of  being  infallibly 
known,  for  it  pusses  bj  tnsensibie  shades  into  oxida^ 
tion.  Wo  cat!  tind  uo  basis  for  our  reasoniiigB,  which 
does  not  asaume  a  classification  of  obvious  facts  and 
qualities. 

But  any  clftsaification  of  substances  on  such  gronndB, 
appears,  at  fihst  sight,  to  involve  us  in  vaguenesa, 
ambiguity,  atid  contradiction.  Do  we  really  take  the 
sensible  qualities  of  an  acid  as  the  criterion  of  its 
being  an  acid? — for  instance,  its  soumcBS?  Prusaic 
acid,  arseiiious  acid,  are  sot  sour.  '  I  remember,' 
says  Dr.  Paris,'  '  a  chemist  having  been  exposed  to 
much  ridicule  from  speaking  of  a  ttceet  acid, — why 
Dott'  When  Davy  had  discovered  potassium,  it  was 
disputed  whether  it  was  a  metal;  fur  though  its  lustra 
and  testure  are  metallic,  it  is  bo  light  as  to  swim  on 
water.  And  if  potassium  bo  allowed  to  be  a  metal,  is 
silicium  ono,  a  body  which  wants  the  metallic  lustre, 
and  is  a  non-conductor  uf  slectricityl  It  is  clear  that, 
at  teaDt,  the  obvious  application  of  a  classification  by 
physical  characters,  is  attended  with  endless  per- 
plexity. 

But  since  we  cannot  even  begin  our  researches 
without  assuming  a  classification,  and  since  the  forms 
of  such  ft  classification  which  first  occur,  end  in  appa- 
rent confusion,  it  is  clear  that  we  must  look  to  our 
philosophy  for  a  solution  of  this  difficulty;  and  must 
avoid  the  embarrassments  and  contradictions  of  casual 
and  unrefleictive  classification,  by  obtaining  a  consistent 
and  philosophical  arrangement  We  must  employ 
external  characters  and  analogies  in  a  connected  and 
systematic  manner ;  we  must  have  ClasaiJicaUirg 
ScUnctg,  and  these  must  have  a  bearing  even  on 
Chemistry. 

Accordingly,  the  most  philosophical  chemists  now 
proceed  ujion  this  principle,  'The  method  which  I 
have  followed,'  says  M.  Thenard,  in  his  Traili  de 
Chimie,  published  in  1834,  '  is,  to  unite  in  one  group 
all  analogous  bodies;  and  the  advantage  of  this  method, 
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hich  ia  that  employed  by  iiBturElists,  ia  very  great, 
eapeciallj  id  the  study  of  the  metitls  and  their  com- 
pounds.'^ In  this,  as  in  nJl  good  aystemH  of  chemistry, 
which  have  appeared  since  the  eatahlixhineDt  of  the 
phlogistic  theory,  combiiKtion,  dnd  the  atialogotiB 
processes,  are  one  great  element  in  the  an-augenient, 
white  the  difiereoce  of  metallic  and  non-iiietaUic,  ia 
another  element.  Thus  Thenard,  in  the  first  place, 
speaks  of  Oxygen;  in  the  next  place,  of  the  Non- 
metallic  Combuatibles,  as  Hydrogen,  Carbon,  Sulphur, 
Chlorine;  ami  in  the  next  places  of  Metikls.  But  the 
Metals  are  again  divideil  into  six  Sections,  with  re- 
ference, princi])ally,  to  their  &cility  of  combination 
with  oxygen.  Thus,  the  First  Section  is  the  Metals 
of  the  Earths;  the  Second,  the  Metals  of  the  Alkalies; 
the  Third,  the  Easily  Oxidable  Metals,  as  Iron ;  the 
Fourth,  Metals  Less  Oxidable,  as  Copper  and  Lead; 
the  Fifth  Section  contains  only  Mercury  and  Osmitim ; 
and  the  Sixth,  what  were  at  an  earlier  jieriod  termed 
the  Noble  Metals,  Gold,  Silver,  Platinum,  and  others. 

How  such  principles  are  to  be  applieil,  so  as  to 
produce  a  definite  aud  coninstent  arrangement,  will  be 
explained  in  speaking  of  the  philosophy  of  the  Classifi- 
catory  Sciences ;  but  there  are  one  or  two  peculiarities 
in  the  classes  of  bodies  thus  recognized  by  modem 
chemiHtry,  which  it  may  be  useful  to  notice. 

1.  The  distinction  of  Metallic  and  Non-metaltic  is 
still  employed,  as  of  fundamental  importance.  The 
discovery  of  new  metals  is  so  much  connected  with 
the  inquiries  concerning  chemical  elements,  that  we 
may  notice  the  general  progress  of  such  discoveries. 
fo£i.  Silver,  /row,  Copper,  Quiek«ilv«r,  Lead,  Tin,  were 
known  from  the  earliest  antiquity.  In  the  beginning 
of  the  sixteenth  century,  mine-direct  ora,  like  George 
Agricola,  had  advanced  bo  far  in  practical  metallurgy, 
that  they  had  discovered  the  means  of  extracting  three 
additional  metals.  Zinc,  Bitimilk,  Antimony.  After 
this,  there  was  no  new  metal  discovered  for  a  century, 
wid  then  such  discoveries  were  made  by  the  theoretical 


156  HISTOKY   OP  CnEMISTKT. 

chemistB,  a  roce  of  men  who  had  not  existed  before 
EeocLer  and  Stah!.  Thus  Armnic  and  Cobalt  were 
made  known  by  Brandt,  in  the  middle  of  the  eigh- 
teenth century,  and  we  have  a  long  list  of  similar 
discoveriea  belungtng  to  the  same  period ;  NvJcti, 
Majtganete,  and  Tungatea,  which  wefe  detected  by 
Cronatedt,  Oahn  and  Soheele,  and  Delliiiyart,  respec- 
tively; metals  of  a  very  diife rent  kind,  Tellurium  and 
Motyhdenum,  which  were  brought  to  light  by  Miiller, 
Scheele,  Bergman,  and  Hielm;  Platinum,  which  waa 
known  as  early  as  1741,  but  with  the  ore  of  which,  in 
i8d3  and  1803,  the  English  chemists,  WoUaston  and 
Tennant,  found  that  no  less  than  four  other  new  metals 
{I'ailadiuin,  Rhodiitm,  Iridium,  and  Onmium)  were 
associated.  Finally,  (omitting  some  other  new  metals,) 
we  have  another  period  of  discovery,  opened  in  1807, 
by  Davy's  discovery  of  Polassium,  and  including  the 
resolution  of  all,  or  almost  all,  the  alkalies  and  earths 
into  metallic  bases. 

[and  Ed,]  [The  next  few  years  made  some,  at 
least  some  conjectural,  additions  to  the  list  of  simple 
Huhstances,  detected  by  a  more  minute  scrutiny  of 
known  substances.  Tlioriwn  waa  discovered  by  Ber- 
zelius  in  1838;  and  Vanadium  by  Professor  Se^riim 
in  1830,  A  metal  named  Cerium,  waa  discovered  in 
1803,  by  Hisinger  and  Berzeliua,  in  a  rare  Swedish 
mineral  known  by  the  name  of  Gent  Mosander  more 
recently  has  found  combined  with  Cerium,  other  new 
metals,  whioli  he  has  called  Lanlkanium,  Bidi/niium, 
£rbiu7ii,  and  2'erbium:  M.  Klaus  has  found  a  new 
metal,  Jiuthenium,  in  the  ore  of  Platinum ;  and  Rose 
has  discovered  in  Tautalite  two  other  new  metals, 
which  he  has  announced  under  the  names  of  Ptlopiun 
and  NiolnuTit.  Svauberg  is  said  to  have  discovei'ed  a 
new  earth  in  Eudialyt.  which  is  supposed  to  have,  like 
the  rest,  a  new  radical.  If  these  last  discoveries  be 
confirmed,  the  number  of  simple  substances  will  be 
raised  to  tixti/-tToo.'j 

2.  Attempts  have  been  made  to  indicate  the  classi- 
fication of  chemical  stihittances  by  some  peculiarity  in 
the  Name;  and  the  Metals,  for  example,  have  been 
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ited  generallir  by  natnea  in  um,  like  the  Latin 
of  the  aucieut  metals,  aurum,  /errum.  This 
artifice  is  a  convenient  Domeoclature  for  the  purpose  of 
tDarking  a  recognized  difference ;  and  it  would  he  worth 
the  while  of  chemists  to  agree  to  make  it  imivcrsal, 
hy  writing  molybdenum aad  platinum/  which  is  some- 
tunes  done,  but  not  always. 

3.  I  am  not  now  to  attempt  to  determine  how  far 
this  class, — Metals, — extends ;  but  where  the  analogies 
of  the  class  cense  to  hold,  there  the  nomenclature  moBl 
also  change.  Thus,  some  chemists,  as  Dr.  Thomson, 
have  conceived  that  the  base  of  Silica  is  more  analogous 
to  Carbon  and  Boron,  which  form  acids  with  oxygen, 
ihan  it  is  to  the  metals;  and  he  has  accordingly 
associated  this  base  with  these  snhatancea,  and  has 
given  it  the  same  terminatioD,  tSilicon.  But  on  the 
validity  of  this  anaJogy  chemists  appear  not  to  be 
generally  agreed. 

4.  Tliereisanotherclassofbodicswhich  have  attracted 
much  notice  among  modern  chemists,  and  which  have 
also  been  assimilated  to  each  other  in  the  form  of  their 
names;  the  Buglish  writers  calling  them  Cldorinii, 
Fluorine,  Iodine,  bromine,  while  the  French  uae  the 

Chlore,  PlUore,  lode,  Urome.  We  have  already 
iced  the  establishment  of  thedoctrine — that  muriatic 
formed  of  a  base,  chlorine,  and  of  hydrogen,^as 
great  reform  in  the  oxygen  theory;  with  regard  to 
which  rival  claims  were  advanced  by  Davy,  and  hy 
MM.  Gay-Lu8sac  and  Thtnard  in  i8og.  Iodine,  a 
remarLnble  body  which,  I'rom  a  dark  powder,  is  con- 
verted into  a  violet-coloured  gaa  by  the  application  of 
it,  was  also,  in  1813,  the  subject  of  a  siuiilar  rivalry 
□e  English  aaid  French  chemists, 
ly  discovered  or  late  as  1836;  and 
laorine,  or  PlUore,  aa,  from  its  destructive  nature,  it 
has  been  proposed  to  term  it,  has  not  been  obtained 
Its  a  separate  siibatanoe,  and  is  inferred  to  exist  by 
analogy  only.  The  analogies  of  these  bodies  (Chlore, 
Phlore,  iic.)  ava  very  peculiar;  for  iuatance,  liy  com- 
biiiation  with  nietals  they  form  salts;  by  combination 
with  hydrogen  they  form  voiy  strong  acids;  and  oAl, 
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at  the  common  temperature  of  the  atmosphere,  operate 
on  other  bodies  in  the  raoat  energetic  manner.  Bor- 
zelius'  proposes  to  call  them  liaiogenoia  bodies,  or 
halogenea. 

5.  The  number  of  Elementary  Suhatancea  which  arc 
at  present  preseuted  id  our  treatises  of  chemistry*  ia 
ffty-lhree,  [or  rather,  as  we  have  said  above,  sixty- 
iioo.'\  It  is  naturally  oflen  asked  what  evidence  we 
have,  that  all  these  are  deiMntaTy,  and  what  evidence 
that  they  are  all  the  elementary  bodies; — how  we 
know  that  new  elements  may  not  hereafter  be  dis- 
covered, or  these  aupposed  simple  bodies  resolved 
into  simpler  still  1  To  these  questions  we  can  only 
answer,  by  referring  to  the  history  of  chemistry; — 
by  pointing  out  what  chemists  have  understood  by 
analysis,  according  to  the  preceding  narrative.  They 
have  eoDsidei'ed,  as  the  analysis  of  a  substance,  that 
elementary  constitution  of  it  which  gives  the  only 
intelligible  explanation  of  the  results  of  chemical 
manipulation,  and  which  is  proved  to  be  complete  as 
to  quantity,  by  the  balance,  since  the  whole  can  only 
be  equal  to  all  its  parts.  It  is  impossible  to  niaintain 
that  new  substances  may  not  herwifter  he  discovered; 
for  they  may  lurk,  even  iu  familiar  substances,  in  doses 
so  minute  that  they  have  not  yet  been  missed  amid 
the  inevitable  slight  inaccuracies  of  all  analysis;  in  the 
way  in  which  iodine  and  bromine  remained  ao  long 
undetected  in  sea-water;  and  new  minerals,  or  old 
ones  not  yet  sufficiently  examined,  can  hardly  fail  to 
add  something  to  our  list.  As  to  the  possibility  of  a 
further  analysis  of  our  supposed  simple  bodies,  we  may 
venture  to  say  that,  in  regard  to  such  supposed  simple 
bodies  as  conijKise  a  numerous  and  well -characterized 
class,  no  such  step  can  be  made,  except  through  some 
great  change  in  chemical  theory,  which  gives  us  a  new 
view  of  all  tbe  general  relations  which  chemistry  has  yet 
discovered.  The  proper  evidence  of  the  reality  of  any 
supposed  new  analysis  is,  that  it  is  more  cousiatent 
with  the  known  analogies  of  chemistry,  to  suppose  (1 
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process  analjtical  than  Bjnthetjcal  Thus,  aa  Las 
ftlreadj  been  said,  chemists  admit  tlie  enistpDce  of 
fluorine,  trom  the  Aoaiogy  of  chloriue;  and  Ditvy,  when 
it  was  found  that  ammouia  formed  an  amnlgam  with 
nteicuiy,  was  tempted  to  assign  to  it  a  metallic  basi& 
But  then  he  again  hesitates,^  and  doubts  whetLer  the 
analogies  of  our  knowledge  are  not  bett«r  preserved 
by  Bupposiug  that  ammonia,  aa  a  compound  of  hydrogen 
and  another  principle,  is  '  a  type  of  the  composition  of 
the  metals.' 

Out  history,  which  is  the  history  of  what  we  know, 
has  little  to  do  with  such  conjectures.  There  are, 
however,  some  not  unimportant  principles  which  bear 
npOD  them,  and  which,  as  they  ai'e  usually  em|jloyed, 
Wong  to  the  science  which  next  comes  under  our 
refiew,  Mineralogy. 

•  Xlem.  Chan.  PhU.  iBii,  p.  481. 
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Ko«,  if  the  bold  bat  pious  thoagbt  be  thiae, 
To  reach  our  BpaciDOB  temple's  inner  Blirine, 
T^e  in  th;  revennt  hanciii  the  crjfttnl  etane, 
Where  heareulf  light  in  earth;  ebrDud  i^  Bbown  ;- 
Where,  moulded  into  menmred  Torm,  with  laji 
Complei  je%  dear,  the  elemsi  Ether  play ■ ; 
Ibis  if  thoa  firmly  hold  and  rigbtl;  use, 
Not  long  the  godii  thy  ardent  aisli  rerose. 
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Sect.  I, — OfUte  GUuaiJKaiory  Sci#«ce«, 


THE  horizon  of  the  acieDces  Bprends  wider  ani]  wider 
before  tu.  as  we  adrance  in  our  task  of  tnking  a 
survey  of  tlie  yaat  doniain.  We  have  seen  thnt  the 
existenoe  of  Cliemistrj  as  a  seience  wLicli  dedarea  the 
ingredientH  and  essential  constitution  of  all  kinds  of 
bodies,  imp]iea  the  existence  of  another  correHponding 
science,  wliich  shall  divide  bodies  into  kinds,  and  point 
out  steadily  and  precisely  what  bodies  they  are  which 
we  Itave  analysed.  But  a  science  thus  dividing  and 
defining  bodies,  is  but  one  member  of  an  order  of 
»!ience9,  diffejent  from  those  which  we  have  hitherto 
describe ;  namely,  of  the  daseijicatoTy  gciencet.  Such 
sciences  there  must  be,  not  only  having  reference  to 
the  bodies  with  which  chemistry  deals,  but  also  to  all 
things  res])ecting  which  we  aspire  to  obtain  any  general 
knowledge,  as,  for  instance,  plants  and  animals.  Indeed 
it  will  be  found,  that  it  is  with  regard  to  these  latter 
oljjects,  to  organized  beings,  that  the  process  of  scien- 
tific classification  has  been  most  successfitlly  exercised; 
while  with  regard  to  ioorgaiiic  suhatauces,  the  forma- 
tion of  a  satisfoctory  system  of  arrangfuient  has  been 
found  extremely  difficult ;  nor  haa  the  necessity  of  such 
a  system  been  recognized  by  chemists  so  distinctly  and 
constantly  as  it  ought  t«  be.  The  best  exemplifica' 
tions  of  these  branches  of  knowledge,  of  which  we  now 
have  to  speak,  will,  therefore,  be  found  in  the  organic 
world,  in  Botany  and  Zoology ;  but  we  will,  in  the  first 
place,  take  k  brief  view  of  the  science  which  classifies 
inorganic  bodies,  and  of  which  Mineralogy  is  hitherto 
the  very  imperfect  representative. 

The  principles  and  rules  of  the  Classifioatoty 
Sciences,  as  well  as  of  those  of  the  other  orders  of 
Bcienoes,  must  be  fully  explained  when  we  coiue  to. 
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treat  of  the  Pliilosophy  of  the  Sciences;  and  cannot  he 
introduced  here,  where  we  have  to  do  with  history 
only.  But  I  may  observe  very  briefly,  that  with  the 
process  of  classing,  is  joined  the  process  oi  naming; — 
that  imnies  ini]i!y  classification ; — and  that  even  the 
rudest  and  earliest  application  of  language  prestipposea 
a  diBtributiou  of  objects  according  to  their  kinds; — 
but  that  such  a  spontaneous  and  unsystematic  distri- 
bution cannot,  in  the  cases  we  now  have  to  conaider, 
answer  the  purposes  of  exact  and  geneiol  knowledge. 
Our  classificHtion  of  objects  musit  be  made  consistent 
and  syfatematic,  in  order  to  be  scientific;  we  must 
discover  marks  and  characters,  properties  and  condi- 
tions, which  are  constant  in  their  occurrence  and  rela- 
tions; we  must  form  our  classes,  we  must  impose  our 
names,  according  to  such  marks.  We  can  thus,  and 
thus  alone,  arrive  at  that  precise,  certain,  and  syxte- 
inatic  kuowledge,  which  we  seek;  that  is,  at  scienee. 
The  object,  then,  of  the  clnssificatcry  sciences  is  to 
obtain  FIXED  cUAtiACTERS  of  the  kinds  of  things;  and 
the  criterion  of  the  fitnefis  of  names  is,  that  they  uakb 

OENEKAL  PROPOSITIONS  POSSIBLE. 

I  proceed  to  review  the  progress  of  certain  soiences 
on  these  principles,  and  first,  though  briefly,  the 
science  of  Mineralogy. 

Sect.  2. — Of  Mineralogy  at  llie  Analptico-clam/ieatory 
Science. 

MiNERALODT,  as  it  has  hitherto  been  cultivated,  is,  as 
J  have  already  said,  an  imperfect  representative  nt'  the 
depailment  of  human  knowledge  to  which  it  belongs. 
The  attempts  at  tlie  science  have  generally  been  niiide 
by  collecting  various  kinds  of  infornjation  respecting 
mineral  bodies;  but  the  science  which  we  require  is  a 
complete  and  consistent  classified  system  of  oil  in- 
organic bodies.  For  chemistry  proceeds  upon  the 
principle  that  the  constitution  of  a  body  invariably 
determines  its  pi-operties;  and,  consequently,  its  kind; 
but  we  cannot  ajiply  this  principle,  except  we  can 
speak  with  precision  of  the  kind  of  a  body,  as  well  as 
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of  ite  composition.  We  cannot  attach  anj  sense  to 
the  fuention,  thnt  'soda  or  barjtA  bos  a  metal  for  ita 
base,'  except  we  know-  what  a  metal  is,  or  at  least  what 
properties  it  implies.  It  may  not  be,  indeed  it  is  not, 
posdble,  to  define  the  kinds  of  bodies  \>y  words  only; 
but  the  claRsiHcation  miiat  piviceed  by  some  (!OD»tant 
and  gencralljr  applicnble  process^  and  the  knowledge 
which  has  reference  to  the  cinsstjication  will  be  precise 
an  far  as  thia  process  is  precise,  and  vogue  as  far  as 
this  is  vagua 

There  must  be,  then,  as  a  necessary  supplement  to 
Chetiiistry,  a  Science  of  those  pi-operties  of  bodies  by 
which  we  divide  thera  into  kinds.  Miueralogy  is  the 
branch  of  knowledge  which  has  discharj^ed  the  office 
of  such  a  science,  so  far  as  it  has  beeu  discharged ;  and, 
tude«d.  Mineralogy  has  beeu  gradtially  approaching  to 
a  clear  consciousness  of  lier  real  place,  and  of  her 
whole  task;  I  shall  give  the  history  of  some  of  the 
silvancee  which  have  thna  been  uisde.  They  are,  prin- 
cipally, the  eatablislinient  and  nse  of  EKternul  Cha- 
nkcters,  especially  of  CryslaUine  Funn,  as  a  fixed 
character  of  definite  siibstanccn ;  and  the  attempts  to 
bring  into  view  the  counesiou  of  Cheiniciil  ConBtitution 
and  External  Properties,  made  in  the  sbiipe  of  minera- 
logical  SyHemt;  both  those  in  which  clu:inical  jnethodt 
of  arranffent^U  are  ailopted,  and  those  which  profess 
to  clusaiff  by  the  jiatva-ai-ituilori/  mel/u>d. 
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CHAPTER  I. 
Prelude  to  the  Epoch  op  Db  Lisle  and  Hact. 

OF  all  tlie  pbyaical  properties  of  bodies,  there  is 
none  ho  fixed,  and  ia  every  way  so  remarkable, 
as  this; — that  the  same  chemical  compound  always 
assumes,  with  the  iitmost  precision,  the  same  geo- 
metrical form.  This  identity,  however,  is  not  imme- 
diately obvious;  it  is  often  obacured  by  various 
mixtures  and  imperfections  in  the  substimce;  and 
even  when  it  is  complete,  it  is  not  immediBtely  recog- 
nized by  a  common  eye,  siuoe  it  consist^  not  in  the 
equality  of  the  sides  or  faces  of  the  figures,  but  in  the 
equaJil^  of  their  angles.  Hence  it  is  not  surprising 
that  the  constancy  of  form  was  not  detected  by  the 
early  observerB.  Pliny  says,'  '  Why  crystal  is  gene- 
rated in  a  hexagouul  form,  it  is  difficult  to  assign  a 
reason;  and  tbe  more  so,  since,  while  its  faces  are 
smoother  than  any  art  could  make  them,  the  pyra- 
midal points  are  not  all  of  the  saine  kind.'  The  qu&rtz 
crystals  of  the  Alps,  to  which  he  refers,  are,  in  some 
specimens,  very  regular,  while  in  others,  one  side  of 
the  pyramid  becomes  much  the  largest ;  yet  the  angles 
remain  constantly  the  same.  But  when  the  whole  shape 
varied  so  much,  the  angles  also  seemed  to  vary.  Thus 
Conrad  Gessuer.  a  very  learned  naturalist,  who,  in  1564, 
published  at  Zurich  his  work,  lie  rerum  Foasilhim^ 
Lapidum  et  Gemmamm  Tuamme,  Figuria,  says,*  'One 
crystal  diflers  from  another  in  its  angles,  and  conse- 
quently in  its  figure.'  And  Ciesalpinus,  who,  as  we 
shall  find,  did  so  much  in  establishing  fixed  characters 
in  botany,  was  led  by  some  of  his  general  viewa  to 
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Eiikbelieve  the  fiiity  of  the  form  of  orystalB.  In  his 
^rwk  De  Melallicis,  published  at  Nuremberg  in  1603, 
he  says,'  '  To  ascribe  to  inanJiuute  bodiee  a  definite 
form,  does  not  appear  conseutan«>us  to  reason ;  for  it 
is  the  office  of  orgauization  to  produce  a  definite  form ;' 
an  opinion  very  natural  in  one  wiio  had  been  inunerBed 
in  the  study  of  the  general  analogies  of  the  forms  of 
plants.  But  though  this  is  excusable  in  CssalpinuB, 
the  rejection  of  this  defiuitencsa  of  form  a  hundred  and 
eighty  years  later,  when  its  exiiiteiice  had  been  proved, 
and  its  laws  developed  by  numerous  observers,  cannot 
be  ascribed  to  anything  but  strong  prejudice;  yet  this 
was  the  course  taJcen  by  no  less  a  person  tlian  Buffon. 
'The  form  of  cryHtallimtioo,'Bayshe,''i8  not  aconttant 
eharOfCUr,  hut  is  more  equivocal  and  more  vaiiable 
than  any  other  of  the  characters  by  vhlch  minerals  are 
to  be  distinguished.'  Anil  accordingly,  he  makes  no 
use  of  this  most  important  feature  in  his  history  of 
minerals.  This  Btrange  perveraeness  may  perhaps  he 
ascribed  to  the  dislike  which  Bufifon  b  said  to  liave 
entertained  for  Lini^Kus,  vho  had  made  crystalline 
form  a  leading  character  of  minerals. 

It  b  not  necessary  to  mark  all  the  minute  st<>pa  by 
which  mineral ogists  were  gradually  led  to  see  clearly 
the  natui'e  aud  laws  of  the  fixity  of  crjBtailine  forma. 
These  forma  were  at  first  noticed  in  that  substance 
which  b  peculiarly  called  rock-cryatal  or  quartz;  and 
afterwards  in  various  atones  and  gems,  in  salts  obtained 
from  various  solutions,  and  in  snow.  But  those  who 
observed  the  remarkable  regoUr  figures  which  these 
sahetances  assume,  were  at  first  impelled  onwards  in 
their  speculations  by  the  natural  tendency  of  the 
human  mind  to  generaliK  and  guess,  rather  than  to 
examine  and  measure.  Tlxiy  attempted  to  snatch  at 
once  the  general  laws  of  geonietrioal  regularity  of  theso 
occurrences,  or  to  connect  them  with  some  doctrine 
oonceming  formative  causes.  Thus  Kepler,^  in  hia 
■  w  o/tli«  World,  asserts  a  'formatrix  facuUas, 
h  has  its  seat  in  the  entrails  of  the  earth,  and. 
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after  the  manner  of  a  pregnant  woman,  expresses  the 
five  regular  geometrical  solids  in  tlie  forma  of  gems.' 
But  philosophers,  in  the  courae  of  time,  came  to  build 
more  upon  observation,  and  leas  upon  abstract  reason- 
ings. Nicolas  Steno,  a  Dune,  published,  in  1669,  & 
dissertation  De  Solido  iiUra  Soliiium  NaiunUiter  eon- 
teiiio,  in  wbiali  he  says,^  that  though  the  sides  of  the 
hexagonal  crystal  may  vary,  t]^e  amjlea  are  not  clianged. 
And  Dominic  Gulielmini,  in  a  Dvuertalion  on  Salli, 
published  in  1707,  saya,'  in  a  true  inductive  spirit, 
'Nature  does  not  employ  all  figures,  hut  only  certain 
ones  of  those  which  are  possible;  and  of  these,  the 
determination  is  not  to  be  fetched  from  the  brain,  or 
proved  &  prion,  hut  obtained  hy  experiments  and  ob- 
servations.' And  he  speiiks^  with  entire  deci^on  on 
this  subject ;  '  Nevertheleas  since  there  is  here  a  prin- 
ciple of  crystallization,  the  iiichnation  of  the  planes 
and  of  the  angles  is  always  constant.'  He  even  antici- 
pates, very  nearly,  the  views  of  later  crystal lographera 
as  to  the  mode  in  which  crystals  are  formed  from  ele- 
mentary molecules.  From  this  time,  many  persona 
laboured  and  speculated  on  this  subject;  as  Cappeller, 
whose  ProdrovuLS  CrystaUographiiE  appeared  at  Lucem 
in  1723;  Bourgiiet,  who  published  Lettres  Philoao- 
pkigviei  mr  la  Fomialion  de  SeU  et  de  Cristaux,  at 
Amsterdam,  in  1792;  and  Henckel,  the  'Physicus' 
of  the  Elector  of  ^ijcony,  whose  Fyritologia  came  fortb 
in  1725.  In  this  last  work  we  have  an  example  of  tb« 
description  of  the  various  forms  of  sjiecial  classes  tt\ 
minentls,  (iron  pyrites,  copj>er  pyrites,  and  arsenic 
pyrites;)  and  an  example  of  the  enthusiasm  whicb 
this  apparently  dry  and  laborious  Ktady  can  excite: 
'  Neither  tongue  nor  stone,'  he  exclaims,*  '  can  express 
the  satisfaction  which  I  received  on  setting  eyes  upon 
this  sinter  covered  with  galena ;  and  thus  it  constantl) 
happens,  that  one  must  have  more  pleasure  in  whul 
Beems  worthless  rubbish,  than  in  the  purest  and  mosl 
precious  oi'es,  if  wo  know  aught  of  minerals.' 

Still,  however,  Henckel"*  disclaims  the  intention  ol 
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prranging  minerals  according  to  tlieir  mattiematical 
forma;  &nd  this,  which  may  be  considered  aa  the  lirat 
decided  step  in  the  formation  of  cry  stall  ogi-aphio 
mineralogy,  appears  to  have  been  first  attempted  by 
LinmeuB.  In  thin  attempt,  however,  he  wad  by  no 
means  hap]>f ;  nor  does  he  himself  appear  to  have  been 
aatisticd  He  begins  his  preface  by  saying,  'Lithology 
ia  not  what  I  plume  myself  upon.'  {LU/tologia  mtJU 
crulag  non  eriget.)  Though  his  sagacity,  as  a  natural 
historian,  led  him  to  see  tliat  crystfllliue  form  vnts  one 
of  the  most  definite,  and  therefore  most  imjtortAnt, 
characters  of  minemla,  he  failed  in  profiting  by  this 
thonght,  because,  in  applying  it,  he  did  not  employ  the 
hghl  of  geometry,  but  was  regulated  by  what  appeared 
to  him  resemblances,  arbitrarily  selected,  and  often 
delusive."  Thus  he  derived  the  form  of  pyritos^from 
that  of  vitriol;'^  and  brought  together  alma  and 
diamond  on  account  of  their  common  nctoheilral  form. 
But  he  had  the  great  merit  of  animating  to  this  study 
one  to  whom,  more  perhaps  than  to  any  other  person, 
it  owes  its  subsequent  progress;  I  mean  Rom6  de 
Lisle.  '  Instructed,'  this  writer  says,  in  his  preface  to 
V\»  E*»ni»  de  CTyntaUograpkie,  'by  the  works  of  the 
celebrated  Von  I.inn£e,  how  greatly  the  study  of  the 
kngularfonn  of  crystals  might  become  interesting,  and 
fitted  to  extend  the  sphere  of  our  mineralogical  know- 
ledge, I  have  followed  them  in  all  their  metamoi-phoses 
with  the  most  scrupulous  attention.'  Tlie  views  of 
linncEus,  as  to  the  importance  of  this  cliaracler,  had 
indeed  been  adopted  by  several  others;  as  John  mil, 
the  King's  gardener  at  Kew,  who,  in  1777,  published 
his  ttpalliogeneaia ;  and  tirignon,  who,  in  1775,  says, 
'  These  cryBtallizations  may  give  the  means  of  finding 
a  new  theory  of  the  generation  of  ciystalline  gems.' 

The  circumstance  which  threw  so  much  difficulty  in 
the  way  of  those  who  tried  to  follow  out  this  thought 
was^  tl^t  in  consequence  of  the  apparent  irreg\ilarity 
of  crystals,  arising  from  the  extension  or  contraction 

'    fif  puticular  sides  of  the  figure,  each  kind  of  substance 


11  HancOcKA.p.  P7. 


HISTORY   OF  MINEBAI.OQY. 


may  really  appear  under  many  dificrent  forms,  con- 
nected with  each  other  by  certain  geometrical  relations. 
These  may  be  oonceived  by  conaidering  a  certain  fun- 
damental form  to  be  cut  into  new  forms  in  particular 
ways.  Thus  if  we  take  a  cube,  and  cut  olT  all  the  eight 
corners,  till  the  original  faces  disappear,  we  make  It 
an  octahedron;  and  if  we  slop  short  of  this,  we  have 
a  figure  of  fourteen  faces,  which  has  been  called  a  eubo- 
oato/tedron.  The  first  peraou  wlio  appears  distinctly 
to  have  conceived  this  Iruncalion  of  angles  and  edges, 
and  to  have  introduced  the  word,  la  D6meste;** 
although  Wallerius'^  had  already  said,  in  speaking  of 
the  various  cry sta 111 ue  forma  of  calcs[iar,  '  I  conceive  it 
would  be  better  not  to  attend  to  all  differences,  lest 
we  be  overwhelmed  by  the  numlior.'  And  Werner,  in 
his  celebrated  work  On  the  Extemai  Clutractera  of 
Minerah}''  had  formally  spoken  of  truncation,  acuation, 
and  aewmination,  or  replacement  by  a  plane,  an  edge, 
a  point,  respectively,  {abaluinp/ang,  zuaduirfung,  sut- 
pitaitn^,)  as  ways  in  which  the  forms  of  crystals  are 
modified  and  often  disguised.  Ke  applied  this  process 
in  particular  to  show  the  connexion  of  the  various 
forms  wliich  are  related  to  the  cube.  But  still  the 
extension  of  the  process  to  the  whole  rauge  of  minerals 
and  other  crystalline  bodies,  was  due  to  EomiS  de  Lisle. 


CHAPTER  II. 

r  BohE  de  Lisle  ajtd  HiiiY.— EsTABLlSH- 
[  USOiT  OF  THE  flXITY  OF  CrySTALLISK  ANULLS,  AND 
I    XHB  SlllFUC'ITT  OF  THE  LawS  OF  DiBlVATION. 

TE  have  already  seen  tliat,  before  1780,  aevaral 
mineral  ugista  hitd  recognized  the  coimtfuicy  of 
e  angles  of  crystals,  and  had  euea  (as  Dcmeate  and 
RPemer,)  that  the  forms  were  subject  ta  inodilicationa 

"irf »  definite  kind.  But  neither  of  these  two  tlioughta 
tna  so  ap|irehendcd  and  bo  developed,  hs  to  supersede 
the  occuaiun  for  a  discoverer  who  should  put  forward 
these  prinoiples  as  what  they  really  u'ere,  tiie  materials 
of  a  new  and  complete  scienr^.  The  merit  of  thia  step 
belongs  jointly  to  Rom6  de  Lisle  and  to  Haiiy.  The 
former  of  these  two  men  had  already,  in  1772,  pub- 
lished an  A'sjai  de  CryglallogTaplae,  in  which  he  had 
described  a  number  of  crystals.  But  in  tliis  work  hia 
views  are  still  rude  and  vague;  he  does  not  establish 
any  connected  sequence  of  transitions  in  each  kind  of 
Bubstauce,  and  lays  little  or  no  etreas  on  the  anglea. 
But  in  1783.  his  ideas*  hod  reached  a  maturity  which, 
by  comparison,  excites  our  admiration.  In  this  he 
assert*!,  in  the  most  distinct  manner,  the  invariability 
of  the  angles  of  crystals  of  each  kind,  under  all  the 
changes  of  relative  dimension  which  the  faces  may 
undergo;-  and  he  points  out  that  this  invariability 
applies  only  to  the  primitive  fonna,  from  each  of  which 
many  secondary  forms  are  derived  by  voi-ious  changes." 
Thus  we  cannot  deny  him  the  merit  of  having  taken 
steady  hold  on  botb  the  handles  of  this  discovery, 
though  something  still  remained   for  another  to  do. 

■■  £om€  pursues  his  general  ideus  into  detail  with  great 
j|lri>our  and  skilL  He  gives  drawings  of  more  than 
Hre  hundred  regular  forms;  (in  his  lii-st  wovk  he  had 
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I  only  one  hundred  and  ten;  Linuiens  on!y 
knew  forty;)  and  assigns  tliem  to  their  proper  aiib- 
Btancea;  for  instance,  thirty  to  calosjiar,  and  sixteen  to 
felspar.  He  also  invented  and  used  a  goniometer.  We 
caunot  doubt  that  he  would  have  been  looked  upon  as 
a  great  discoverer,  if  his  fame  had  not  Iwen  dimmed 
by  the  more  brilliant  success  of  Ills  contemporary 
Haiiy. 

R^n£-JuBt  Haiiy  is  rightly  looked  upon  aa  the 
founder  of  the  modem  school  of  crystallography;  for 
all  those  who  have,  since  him,  pursued  the  study  with 
success,  have  taken  his  views  for  thfir  basia  Besides 
publishing  a  system  of  crystallography  and  of  mine- 
ralogy, tar  more  complete  than  any  which  had  yet  ap- 
peared, the  peculiar  steps  in  the  advance  which  helong 
to  him  are,  the  discovery  of  the  importance  of  cleavage, 
and  the  con>iequent  expression  of  the  laws  of  derivation 
of  secondary  from  priniwy  forms,  by  means  of  the 
deerejuenla  of  the  successive  layers  of  inlegrajU  nioU- 
euUs. 

Tlie  latter  of  these  discoveries  had  already  been,  in 
aome  measure,  antici|iate<l  by  Bergman,  wlio  had,  in 
1773,  conceived  a  hexagonal  prism  to  be  built  up  by 
the  j UK ta- position  of  solid  rhombs  on  the  planes  of 
a  rhombic  nucleus.*  It  is  not  clear^  whether  Haiiy 
was  acquainted  with  Bergman's  Memoir,  at  the  time 
when  the  cleavage  of  a  hexagonal  prism  of  calcspar, 
accidentally  obtained,  led  him  to  the  same  conception 
of  its  structure.  But  however  this  might  be,  he  had 
the  indisputable  credit  of  following  out  thi»  conception 
with  all  tile  vigour  of  originality,  and  with  the  most 
laborious  and  persevering  earnestness;  indeed  he  made 
it  the  business  of  his  life.  The  hypothesis  of  a  solid, 
built  up  of  small  solids,  had  this  peculiar  advantage 
in  reference  to  crystal logru phy ;  it  rendered  a  reason 
of  this  curious  fsct ; — that  a  eer^in  series  of  forms 
occur  in  crystals  of  the  same  kind,  while  other  forms, 
apparently  intermediate  between  those  which  actually 
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occur,  are  rigorously  exduded.  The  doctrine  of  decre- 
menta  explained  this;  for  by  placing  n  number  of  f&- 
gularly-decreaaing  rows  of  equal  solids,  as,  for  instance, 
of  bricks,  upon  one  another,  we  niiglit  form  a  regular 
equal-sided  triangle,  as  the  gable  of  a  house;  andif  tho 
breadth  of  the  gable  were  one  hundred  bricks,  tlie 
height  of  the  triangle  might  be  one  hundred,  or  fifty, 
or  twenty-five ;  but  it  would  be  found  that  if  the  height 
were  mi  intermediate  number,  as  tifty-aeven,  or  forty- 
three,  the  edge  of  the  wall  would  become  irregular; 
and  auch  irregularity  is  assumed  to  he  inadiuisaible 
in  the  regular  Btructure  of  cryatulii.  Tlius  this  mode 
of  conceiving  cryntals  allows  of  certain  definite  secon- 
dary forms,  and  uo  others. 

The  mathematical  deduction  of  the  dimensions  and 
proportions  of  these  secondary  forma; — the  invention 
of  a  notation  to  express  them; — the  examination  of 
Uie  whole  mineral  kingdom  in  accordanoe  with  these 
views; — the  production  of  a  work"  in  which  they  are 
expl^uned  with  singular  clearness  and  vivacity; — am 
services  by  which  Uaiiy  richly  earned  the  admiration 
which  baa  been  bestowed  upon  him.  Tlie  wonderful 
oopiousness  and  variety  of  the  forms  and  laws  to  which 
he  was  led,  thorouglily  exercised  and  nourislied  the 
■pirit  of  deduction  and  calculation  which  his  discoveries 
excited  in  him.  The  reader  may  form  some  conception 
of  the  extent  of  his  labours,  by  being  told — that  the 
mere  geometrical  propositions  which  he  found  it  necea- 
■ary  to  premise  to  his  special  descriptions,  occupy  a 
volume  and  a  half  of  his  work; — that  hia  diagrams 
are  nearly  a  thousand  in  number; — that  in  one  single 
■ubstance  (calcspar)  he  has  described  forty-seven  va- 
rieties of  form; — and  that  he  lias  described  one  kind 
of  crystAl  (called  by  him  /er  mlfurS  paraUeligue)  which 
has  one  hundred  and  thirty-four  faces. 

In  the  course  of  a  long  life,  he  examined,  with  con- 
siderable care,  all  the  forms  he  could  procure  of  all  kinds 
of  mineral ;  and  the  interpretation  which  he  gave  of 
the  laws  of  those  forms  was,  in  many  cases,  fixed,  by 
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niBftns  of  a  name  applied  to  the  mineral  in  which  the 
form  occurred;  thua,  ho  iutroduced  such  najnee  as 
iqaiame,  mitaatiitvfue,  umbinaire,  perUiKcahidre,  biaai- 
teme,  and  othera.  It  is  not  now  desirable  to  apply 
separate  uiunes  to  the  different  forms  of  the  aaiue 
mineral  Bpeciee,  but  these  terms  answered  the  purpose, 
at  the  timt!,  of  making  the  subjects  of  study  mors 
definite.  A  aymbolical  notation  is  the  more  convenient 
mode  of  designatinK  such  forms,  and  such  a  notation 
Haiiy  invented ;  but  the  symbols  devised  by  him  had 
many  inconveniences,  and  have  since  been  superseded 
by  tie  systems  of  other  oryBtallographers. 

Another  of  Haiiy's  leading  merits  was,  ok  we  have 
already  intimated,  to  have  shown,  more  clwirly  than 
his  predecetisora  had  done,  that  the  orystalline  angles 
of  substances  are  a  criterion  of  the  substances;  and 
tliat  this  is  peculiarly  true  of  the  angl.eg  of  dnavngej — 
that  is,  the  angles  of  those  edges  which  are  obtained  by 
cleaving  a.  crystal  in  two  different  directions; — a  mode 
of  division  which  the  structure  of  many  kinds  of  cryBtals 
allowed  him  to  execute  in  the  most  complete  manner. 
As  an  instance  of  the  employment  of  this  criterion,  I 
may  mention  his  separation  of  the  sulphates  of  baryta 
and  nf  strontia,  which  had  previously  been  confounded. 
Among  crystals  which  in  the  collections  were  ranked 
tt^ether  as  '  heavy  spar,'  and  which  were  so  perfect 
as  to  admit  of  accurate  measurement,  be  found  that 
those  which  were  brought  from  Sicily,  and  those  of 
Derbyshire,  differed  in  their  cleavage  angle  by  three 
degrees  and  a  half  '  I  could  not  suppiise,'  he  says,' 
'  that  this  difference  was  the  etTect  of  any  law  of  de- 
crement; for  it  would  have  been  necessary  to  suppose 
so  rapid  and  complex  a  law,  that  such  an  hypothesis 
might  have  been  justly  regarded  as  an  abuse  of  the 
theory.'  He  was,  therefore,  in  great  peqilexity.  But 
a  little  while  previous  to  this,  Klaproth  had  discovered 
that  there  is  an  earth  which,  though  in  many  respects 
it  resembles  baryta,  is  different  fram  it  in  other  respeota ; 
and  this  earth,  from  the  place  where  it  was  found  (in 
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'  SooUaDd),  had  bern  nsinod  SlnmHa.  The  French  che- 
mists hod  Hacert&hied  that  tiie  two  earthn  Lad,  in  Bome 
csMS,  Vieen  mixed  or  confounded;  ftiid  Vauqtielin,  on 
examiDing  the  Sicilian  oryeta]?,  found  that  their  base 
was  atronlia,  and  not,  as  in  the  Derbyshire  ones,  barytA. 
The  riddle  was  now  read;  all  the  crystals  with  the 
larger  angle  belong  to  the  one,  all  those  with  the 
snuJIer.  to  the  other,  of  these  two  suljihates;  and 
cryBtnllometiy  was  clearly  recognized  aa  an  anthcnized 
test  of  the  diifereDce  of  substances  which  nearly  resemble 
each  other. 

Enough  haa  been  said,  probably,  to  euithle  the  reader 
to  j'ldge  bow  much  each  of  the  two  persona,  now  nnder 
review,  oontribnted  to  crystal lography.  It  would  be 
unwise  to  conipare  such  coatribntions  to  science  with 
the  great  discoveries  of  astronomy  and  chemistry;  and 
we  have  seen  how  nearly  the  predecessors  of  Rom£ 
and  Haiiy  bad  reached  the  point  of  knowledge  on  which 
these  two  crystallographera  took  their  stand.  But  yet 
it  is  im]K>8BiIile  not  to  allow,  that  in  theae  discoveries, 
which  thus  gave  form  and  substance  to  the  science  of 
crystallograyihy,  we  have  a  manifestation  of  no  common 
sagacity  and  skill.  Here,  as  in  other  discoveries,  were 
re<]uired  ideas  and  fiicte ; — clearneHS  of  geometrical  con- 
ception which  could  deal  with  the  most  complex  rela- 
tions  of  form ;  a  minute  and  extensive  acquaintance 
withactual  crystals;  and  the  talent  and  habit  of  rcfeiTing 
these  facts  to  the  general  ideag.  Haiiy,  in  particnlar, 
was  happily  endowed  for  his  task.  Without  being  a 
great  muthematioian,  he  was  sufficiently  a  geometer  to 
solve  all  the  problems  which  his  undertaking  demanded; 
and  though  the  mathematical  reasoning  might  have 
bepn  made  more  compendious  by  one  who  was  more 
at  home  in  mathematical  generalization,  probably  this 
could  hardly  have  been  done  without  making  the  sub- 
ject less  accessible  and  less  attractive  to  ]>ersons  mode- 
rately disciplined  in  mathematics.  In  all  his  reasonings 
upon  particular  cases,  Haiiy  is  acute  and  clear;  while 
Ilia  general  views  ajipear  to  be  suggested  rather  by  a 
lively  fancy  than  by  a  sage  inductive  spirit :  and  though 
he  tbufl  misses  the  character  of  a  great  philo30ii\\Qt,XVia 
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vivacity  of  style,  aud  felicity  aiid  happiness  of  illuBlra- 
tion,  wbich  grace  hia  book,  and  which  agree  well  with 
the  character  of  ao  Abb6  of  the  old  French  monarchy, 
had  a  great  and  useful  influence  on  the  progress  of  tho 
subject. 

Unfoi-tunately  Borne  de  Lisle  and  Haiiy  were  not 
only  rivals, l)ut  in  eome  mesBure  enemifs.  The  former 
might  naturally  feel  eome  vexation  at  finding  himself, 
in  hifi  later  years  (he  died  in  1790),  thrown  into  shade 
by  his  more  brilliant  succejisor.  In  rtferencetoHaiiy'B 
nse  of  cleavage,  he  speaks^  of  '  iuuovatora  in  crystal- 
lography, who  may  projierly  be  called  erj/»tallocUuU.' 
Yet  lie  atlopted,  in  great  measure,  the  same  views  of 
tho  formation  of  crystals  by  laminre,'  which  Haiiy 
illustrated  by  the  destructive  process  at  which  ho  thns 
sneers.  Uia  Rensitiveness  was  kept  alive  by  the  conduct 
of  the  Academy  of  Sfciences,  which  look  no  notice  of 
him  and  his  labours;'"  probably  because  it  was  led  by 
Bufibn,  who  diiiliked  Liungeus,  and  might  dislike  Rom£ 
as  his  follower;  and  who,  aa  we  have  seen,  despised 
crystallography.  Haiiy  revenged  himself  by  rarely 
mentioning  Rurafi  in  his  works,  though  it  was  manifest 
that  his  obligations  to  him  were  immense;  and  by 
recording  his  errours  while  he  corrected  them.  More 
fortunate  than  his  rival,  Haiiy  was,  from  the  firet, 
received  with  favour  and  appianse.  Hia  lectures  at 
Paris  were  eagei*ly  listened  to  by  persons  from  all 
quarters  of  the  world.  His  views  were,  in  tills  manner, 
speedily  diffused;  and  the  subject  vbs  soon  pursued, 
in  vai'ious  ways,  by  mathematicians  and  mineralogists 
in  every  country  of  Europe. 


CHAPTER  III, 


I  HAVE  not  hitherto  notitxA  tlie  imperfections  of 
the  etTsUllognphic  views  «nd  methoda  of  HMy, 
beetune  lay  business  in  the  last  sectiou  was  to  mAvk 
the  p^nuwent  additions  he  made  to  the  science.  Hi« 
sjvtcm  did,  however,  require  oompletion  and  roctificii< 
tion  in  variuus  points ;  and  in  speaking  of  the  cryxtat- 
logmphvTS  of  the  subsequent  time,  who  Diny  all  lie 
considered  as  the  cultivators  of  the  Haiiinu  doctriiiom, 
we  must  also  consider  whut  the;  did   in  correcting 

The  three  main  points  in  which  this  improvumout 
was  needed  were ; — a  better  determination  of  the  erya- 
talllDe  forms  of  the  special  substances ; — a  luui'e 
general  and  less  arbitrary  method  of  canaideriiig  erya* 
talline  forms  according  to  their  symmetry; — &uil  a 
detection  of  more  general  conditions  by  which  the 
eiystalline  angle  is  regulated.  The  first  of  tliew 
processes  may  be  considered  as  the  natural  sequel  of 
the  Hauian  epoch :  the  other  two  must  be  treated  as 
separate  steps  of  discovery. 

When  it  appeared  that  the  angle  of  natuml  or  of 
cleavage  faces  could  be  used  to  determine  the  ilil)'en>nan( 
of  minerals,  it  became  important  to  measure  this  ungU 
with  accuracy,  Haiiy's  measuremeuls  were  found 
very  inaccurate  by  many  succeeding  cry stallogni|i  hers; 
Hohs  says'  that  they  are  so  generally  inuccunite,  timt 
no  coufidenoe  can  be  placed  in  them.  Tliit  wits  snid, 
of  course,  aecording  to  the  more  rigorous  notions  of 
accuracy  to  which  the  establishment  of  Haiiy's  Hyateiii 
led.  Among  the  persons  who  jirincipiUIy  laboured  in 
ascertaining,  with  precision,  the  orystiilliue  angles  of 
minerals,  were  several  Englishmen,  especially  Wollaston, 
Pliilli|)9,  and  Brooke.    Wollaaton,  by  the  invention  of 
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his  Keflecting  Goniometer,  j-Iftced  an  entirely  new 
degree  of  accuracy  within  the  reach  of  the  cryat&l- 
lographer;  tlie  iingle  of  two  TticeB  being,  iii  this  inatm- 
ment,  measured  by  means  of  the  reflected  imagee  of 
bright  objects  seen  in  them,  bo  that  the  measure  ia  the 
more  accurate  the  more  minute  the  faccu  are.  In  the 
use  of  this  inatrumeiit,  no  one  was  more  laboriout  and 
succeBsfii]  than  William  Fliillips,  whose  poww  of 
apprehending  the  moat  complex  forma  with  steadineaa 
and  clearness,  led  Wollaaton  to  say  that  he  had 'a 
geometrical  sense.'  Phillips  published  a  Treatise  oa 
Mineralogy,  contMning  a  great  collection  of  such 
determinations;  and  Mr.  Brooke,  a  crystallograplier 
of  the  Bsme  exact  and  carelul  school,  has  also  published 
several  works  of  the  same  kind.  The  precise  meaanre- 
ment  of  crystalline  angles  must  be  the  familiar  em- 
ployment of  all  who  study  crystallography  j  and, 
therefore,  any  further  enumeration  of  those  who  have 
added,  in  this  way,  to  the  stock  of  knowledge,  would 
be  superfluous. 

Nor  need  I  dwell  long  on  those  who  added  to  the 
knowledge  which  Haiiy  left,  of  derived  forma.  The 
most  remurkable  work  of  this  kind  was  that  of  Count 
Bonmon,  who  published  a  work  on  a  single  mineral 
(calospar)  in  three  quarto  volumes.^  He  has  here  given 
representations  of  seven  hundred  forms  of  crystals,  of 
which,  however,  only  fifty-six  are  essentially  different, 
From  this  example  the  reader  may  judge  what  a  length 
of  time,  and  what  a  nnmber  of  observers  and  calculators) 
were  requisite  to  exhaust  the  subject. 

If  tho  calculations,  thus  occaiuoned,  had  been  con- 
ducted  upon  the  basis  of  Haliy's  sy3t«m,  without  any 
further  generalization,  they  would  have  belonged  to 
that  process,  the  natural  sequel  of  inductive  discoTeria, 
which  we  ca,ll  dediittian ;  and  would  have  needed  only 
a  v^ry  brief  notice  here.  But  some  additional  steps 
were  mn^le  in  the  iipward  rosd  to  scientific  truth,  and 
of  these  we  must  now  give  au  account. 


*  TraUi  romptrt  dc  la  CSaux  VaH 
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CHAPTER  IT. 

ESTABLISBHENT  OV  THE   DlSTISCTION   OF  .SYSTEMS   C 
f'EtSB  AMD   MoHS. 


IN  HhUts  views,  as  generally  happens  in  Dew  systems, 
however  tme,  there  waa  involved  aomcthiug  that 
was  arbitraty,  Bomethiiig  that  wa«  false  or  doubtful, 
something  that  was  luiDecessarilj  limited.  The  pria- 
cipal  poiuts  of  thia  kind  were; — hie  having  made  thfl 
laws  of  crystalline  derivation  depend  so  mueh  upon 
citAvage ; — his  having  assumed  an  atomic  constitution 
of  bodies  as  an  esspntial  |inrt  of  his  system; — and  hia 
having  tahen  a  set  of  primary  forms,  which,  being 
selected  by  no  general  view,  were  pirtly  superfluous, 
■nd  partly  defective. 

How  fiir  evidence,  such  as  has  been  referrwl  to  by 
philosophers,  has  proved,  or  can  prove,  that 
bodies  are  constituted  of  indivisible  atoms,  will  lie 
more  fully  examined  in  the  work  which  treats  of  the 
Philosophy  of  thia  anbject.  There  can  be  little  doubt 
that  the  portion  of  Haiiy's  doctrine  which  most  riveted 
poptiltu"  attention  and  applause,  whs  his  disaection  of 
crystals,  in  a  manner  which  wa:^  sup^toaed  to  lead 
actnally  to  their  ultimate  material  elements.  Yet  it 
is  clew,  that  since  the  solids  given  by  cleavage  are,  in 
many  cases,  such  as  cannot  make  up  a  solid  apace,  the 
primary  conc«i)tioii,  of  a  necessary  geometrical  identity 
lietween  the  results  of  division  and  the  elements  of 
compoaitioD,  which  is  the  sole  foundation  of  the  sup- 
position that  crystallography  points  out  the  actiml 
dsments,  disappears  on  being  scrutinized:  and  when 
Haiiy,  pi'cssed  by  this  difficulty,  as  in  the  case  of  fluor- 
spar, put  his  integrant  octohedral  molecules  together, 
totMtuDg  by  the  edges  only,  his  method  became-  an 
emp^  geometrical  diagram,  with  no  physical  meaning. 

The  real  fact,  divested  of  the  hypothesis  which  waa 
oontained  in  the  fiction  of  decrements,  was,  tliat  when 
the  rplution  of  the  derivative  to  the  primary  faces  is 
expressed  by  means  of  numerical  indices,  these  numbe« 
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are  integers,  and  generally  Tory  small  ones;  and  this 
was  tlie  IbiiD  which  the  law  gradually  anBumed,  as  the 
method  of  derivation  was  mode  more  geoeral  and 
simple  by  Weiss  and  othew. 

'When,  in  1809,  I  pubiiahed  my  Disaertation,'  saya 
Weiss,'  '  I  shared  the  common  opinion  as  to  the  neces- 
eity  of  the  assumption  and  the  reality  of  the  existence 
of  a  primitive  fomi,  at  least  in  a  senae  not  very  diffe- 
rent from  the  nsual  sense  of  the  expression.  While  I 
sought,*  he  adds,  referring  to  certain  doctrines  of 
general  philosophy  which  he  and  others  entertained, 
'  ft  dynainiciU  ground  for  this,  instead  of  the  untenable 
atomistic  fiew,  I  found  that,  out  of  my  primitive 
forms,  there  was  gradually  unfolded  to  my  hands,  that 
wldcl)  really  governs  them,  and  is  not  affected  by  their 
casual  fluctuations,  the  fundamental  relations  of  those 
Dimensions  according  to  which  a  midtiplicity  of  in- 
ternal  oppositions,  necessarily  and  mutually  interde- 
pendent, ui'e  developed  in  the  ma.ss,  each  liaving  its 
own  polarity;  ao  that  the  cryatftliine  character  is  co- 
extensive with  these  polarities.' 

The  '  Dimetisions'  of  which  Weiss  here  speaks,  are 
the  Axea  of  Siimnif.try  of  the  crystal;  that  is,  those 
lines,  in  referenc«  tu  which,  every  face  is  accompenitil 
by  other  faces,  having  like  positions  and  properties. 
Thus  a  rhomb,  or  more  properiy  a  rlumiMiedron,^  of 
calc-spar  may  be  placed  with  one  of  its  obtuse  comers 
Dppermoat,  ao  that  all  the  three  faces  which  meet  there 
are  equally  inclined  to  the  vertical  line.  In  this  jiosi- 
tioD,  every  derivative  face,  which  is  obtidned  by  any 
modifieation  of  the  faces  or  edgea  of  the  rhombohedron, 
implies  either  three  or  t<ix  such  derivative  faces;  for 
no  one  of  the  three  upper  jacea  of  the  rhomhohedrtin 
has  any  character  or  property  different  from  the  other 
two ;  and,  therefore,  there  is  no  reason  for  the  existence 
of  a  derivative  from  0110  of  these  primitive  faces, 
which  does  not  equally  hold  for  the  other  primitive 
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Hence  the  derivative  forma  will,  in  all  cnaes, 
couUin  nose  but  facea  coniiecteU  hj  this  kind  of 
*i>rreepondeiice.  The  axis  tlius  made  vertical  will  be 
an  Axis  of  Symmetry,  and  the  crystal  will  consist  of 
three  divisiona,  ranged  round  this  axis,  and  exactly 
iv^mbling  each  other.  According  to  Weiss's  nonien- 
clatnre,  siich  a  crystal  ia  '  tiiroe-ond-three-n]embfire<l.' 

Bnt  this  is  only  one  of  the  kinds  of  Bymnietry  which 
crystAlline  forms  may  exhibit.  They  may  hiive  three 
Orj^ea  nS  complete  and  equ<d  symmetry  at  right  angles 
to  each  other,  as  the  cube  and  the  regulnr  octohedron ; 
—or,  two  axes  of  equal  symmetry,  )>erpoudicular  to 
each  other  and  to  a  ikird  axis,  which  is  not  affected 
with  tlie  aune  ayinmetry  with  which  they  are ;  such  a 
figure  is  a  square  pyramid; — or  they  may  have  Ihret 
rectangular  a^res,  all  of  unequal  symmetry,  the  modili- 
cations  referring  to  each  axis  separately  from  tho 
other  two. 

These  are  essential  and  neces.sary  distinctions  of 
crystalline  form;  and  the  introduction  of  a  clussifica' 
tion  of  forms  founded  on  such  relations,  or  as  th«'y 
were  called,  S>j»tern»  of  Cry»laUvtatiim,  was  a  great 
improvement  upon  the  divisions  of  the  earlier  crystallo- 
graphers,  for  those  diviaiona  were  separated  according 
to  certain  arbitrarily-aaaumed  primary  forms.  Thus 
Kom6  de  Lisle's  fundamental  forma  were,  the  tetra- 
hedron, the  cube,  the  octoliedron,  the  rhombic  prism, 
the  rhombic  octohedron,  the  dodecahedron  with  tri- 
angular faces:  Haily's  primary  forma  ore  the  cube, 
the  rhombohedron,  the  oblique  rhombic  priam,  the 
right  rhombic  prism,  the  rhombic  dodecahedron,  the 
regular  octohedron,  tetrahedron,  and  six-sided  prism, 
and  the  bipyramidal  dodecahedron.  This  division,  tut 
I  have  alr«idy  said,  errs  both  by  excess  and  defect, 
for  some  of  these  primary  forma  might  be  made  deri- 
vatives from  others;  and  no  solid  reason  could  be 
luttigncd  why  they  were  not.  Thus  the  cube  may  be 
derived  from  the  tetrahedron,  bv  truncating  the  edges; 
and  tho  rhombic  dodecahedron  a^ain  from  the  cube, 
by  truncating  its  edges;  while  the  square  pyramid 
fiould  not  b*  legitimately  identilied  with  thodem&ti.\ft 
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of  any  of  tLeae  forms ;  for  if  we  were  to  derive  it  from 
the  rhombie  prism,  why  hLduIiI  the  acute  angles  always 
Bufier  decrements  cotresiMtudiiig  in  a  certain  way  to 
those  of  the  obtus*  angles,  an  tlmy  must  do  iu  order  to 
give  rise  to  a  square  pyraniidi 

The  introduction  of  the  method  of  reference  to 
Systems  of  Ciyatallization  has  been  a  snbject  of  con- 
troversy, Home  ascribing  this  valuable  st^p  to  WeLss, 
and  some  to  Mohs.^  It  appears,  I  think,  on  the  whole, 
that  Weias  first  published  works  in  which  the  method 
is  employed;  but  tlmt  Moha,  by  applying  it  to  all  the 
known  apecies  of  minerals,  has  had  Uie  merit  uf  making 
it  the  basis  of  real  crystallography.  Weiaa,  in  1809, 
published  a  Disaertation  On  the  mode  of  inoeatigattrti/ 
the  principal  geojaetrifial  c/uiracter  of  cryUaUine  Jttrmt, 
in  wliich  he  says,*  'No  port,  Hne,  or  quantity,  ia  m 
important  as  the  axis ;  no  consideration  ia  moTe 
essentia]  or  of  a  higher  order  tlian  tlie  relation  of  a 
crystalline  plane  to  the  axis  i'  and  again,- '  An  axis  is 
any  line  governing  the  figure,  ahiiut  which  all  ports  are 
nimilarly  disposed,  and  with  reference  to  which  they 
oorrespond  mutually.'  This  he  soon  followed  out  by 
examination  of  some  difficult  coses,  as  Felspar  and 
Epidote.  Jn  the  Memoirs  of  the  Berlin  Academy,* 
for  1814-5,  ^^  published  An  ExJubition  o/tlix  natural 
DimsioTtt  o/Syttema  o/Cryalaliieatioa.  In  th  is  Memoir, 
his  divisions  are  aa  follows: — The  reffiiiar  system,  the 
four-memhered,  the  luto-anii-timi-membered,  the  i/ire»- 
and-tkree-membered,  and  some  others  of  inferior  degrees 
of  symmetry.  These  divisions  are  by  Moha  {Outiine* 
of  Mineralogy,  18^3,)  termed  the  tetmlar,  pynteiUial, 
priamalic,  and  rhornbvhednil  systems  respeotively. 
Hausmann,  in  his  I nvealigalitma  cimceming  the  Forme 
of  Irundnmie  Nalura,^  makes  a  nearly  corresponding 
arrangement; — the  igomelric,  tnorutdimetrie,  trimetric, 
and  morwlrimelric ;  and  one  or  other  of  these  sets  of 
terma  have  been  adopted  by  moat  succeeding  writers. 

In  order  to  make  the  distinctions  more  apparent,  I 

>  Ed!n.  PMI.  TVaui.  igi],  voli.  iv.  and  xri.  •  pj 
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1!  porpaaelj'  omitted  to  speak  of  the  HyHtuiuH  wliicli 
!  wli«B  tb«  priaiaalie  f^stem  loses  aomo  purl  of  it* 
mfUj;~wIieQ  it  has  only  half  or  a  quurtar  Ita 
plet«  nnuiber  of  iuxaj—OT,  according  to  Mohs'a 
|>hmteolpg7,  when  it  in  hemi/tedral  or  tetartohedraX. 
Such  ajstems  are  represonlecl  by  the  Biiii{ly-uhli'|na 
or  douhly-oblique  prieni ;  tliey  are  tcrmeiT  by  Weiu 
ttoo-arui-on^  memlrered,  and  O7ie-and-o?is-m«r7ilitr«d  ;  by 
oifaer  writers,  MonnkUnoinetflc,  au<l  TrMinotntlrio 
Systems.  There  are  also  otlier  poculiaritie*  of  Sym- 
metry, such,  for  iusUJice,  as  that  of  the  pUigUiadral 
faoea  of  quarti,  aod  other  rainerals. 

Th«  introduction  of  an  arrangement  of  crystalltue 
forms  into  systems,  according  to  their  degreu  of  syiii- 
metry,  was  a  step  which  was  rather  fouudtyJ  uu  A 
distinct  and  comproheDsive  jrerceptioo  of  malheiualltnl 
relations,  than  on  au  acquaintance  with  exiK'riiii^utitl 
Eicta.  beyond  what  earlier  miueralogtHls  had  {fniH.'niH.f  I. 
Thia  arrangement  was,  however,  remarkably  eonliriuul 
by  aome  of  the  properties  of  minersU  which  attracted 
notice  about  the  time  now  tpokuu  of,  lu  we  ahail  see 
in  the  next  chapter. 


CHAPTER  V. 

Receptios  and  Confirmation  of  the  Dibtisctiom 
OF  SrSTCHB  OF  Cbygtallizatiok. 

Y\IFFUSION  of  the  DUtinetion  of  Sj/gtemg.—Tbe 
-'-'  diatinction  of  systems  of  crystallisation  was  bo 
far  founded  on  obviously  true  views,  that  it  was 
speedily  adopted  by  most  miuerFLlogists.  I  need  not 
dwell  on  the  steps  by  which  this  took  place.  Mr. 
Haidinger'a  translation  of  Mohs  was  a  principal  occa- 
sion of  ita  introduction  in  England.  As  an  indication 
of  dates,  bearing  on  this  anhject,  perhaps  I  may  be 
allowed  to  notice,  that  there  appeared  in  the  Pliiio- 
top/ileal  Transaetiom  fiir  1825,  A  General  MetJtod  0/ 
Ctdctilaiing  the  ATiglea  of  Crystata,  vihich  I  hudwritteu, 
and  in  which  I  referred  only  to  Haiiy's  views;  but 
that  in  i8z6,'  I  published  a  Memoir  On  the  Cta«mfiea- 
tion  of  CryntaUine  Combinations,  founded  on  the 
methods  of  Weiss  and  Mohs,  especially  the  latter; 
with  which  I  had  in  the  mean  time  become  acquainted, 
and  which  appeared  to  me  to  contain  tbeii-  own 
evidence  and  recommendation.  General  methods, 
such  as  was  attempted  in  the  Memoir  just  quoted,  are 
part  of  that  process  in  the  history  of  sciences,  by  which, 
when  the  principles  are  once  established,  the  mathe- 
matical operation  of  deducing  their  cousequeneca  ia 
made  more  and  more  genenJ  and  symmetritwd ;  which 
we  have  seen  already  exeni|)litied  in  the  history  of 
celestial  mechanics  after  the  time  of  Kewton.  It 
docs  not  enter  into  our  plan,  to  dwell  upon  the  various 
steps  in  this  way  made  by  Levy,  Naumann,  Grassmauu, 
Kupffer,  Heasel,  and  by  ProfeB.'tor  Miller  among  our- 
selve:^  I  may  notice  that  one  great  improvement  was, 
the  method  introduced  by  Monteiro  and  Levy,  of  de- 
termining the  laws  of  derivation  of  forces  by  means 
of  the  paraileiiinnt  of  edges;  which  was  afterwards 

'  Camli.  TVoni.  rnL  ii.  p.  3Di. 
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Sxtended  so  that  faces  were  cnnsidered  afl  belonging 
to  iCTUt.  Nor  need  I  attempt  to  enumerate  (what 
indeed  It  would  be  difficult  to  describe  in  words)  the 
Tiirioua  methods  of  rwlation  by  which  it  has  been 
proposed  to  represent  the  faces  of  crystals,  and  to 
facilitAt«  the  calculations  which    have   reference   to 

[and  Ed.]  [My  Memoir  of  1825  depended  on  the 
lii'ws  of  Haiiy  in  so  far  as  that  I  started  from  his  '  pri- 
mitive forms;'  but,  bcingagenend  method  of  expreeaing 
slU  forms  by  co-ordiuates,  it  was  very  little  governed 
hy  those  views.  The  mode  of  representing  crystalline 
forms  which  I  proposed  seemed  to  contain  it«  own 
evidence  of  being  more  true  to  nature  than  Hatiy'a 
theory  of  decrementfi,  inasmuch  as  my  method  ex- 
pressed the  &ces  by  much  lower  ntunbers.  I  deter- 
mine a  face  by  means  of  the  dimensions  of  the  primary 
f'lrm  (tivithd  by  certain  numbers;  Hauy  had  expreeaed 
the  face  virtually  by  the  same  dimeusiona  midlifilitd 
by  numliera.  In  cnaes  where  my  notation  gives  such 
numbers  bb  (3,  4,  i),  (i,  3,  7),  (5,  t,  19),  hjs  method 
involves  the  higher  numbers  (4,  3,  12),  (a i,  7,  3).  (19, 
95-  5)-  My  method  however  has,  I  believe,  Uttle  value 
OS  a  method  of '  cn/cri/nfiny  the  angles  of  crystals,' 

M.  Neumann,  of  Kowigsberg,  introduced  a  very 
convenient  and  elegant  method  of  representing  the 
puMtion  of  faces  of  crystals  by  corresponding  poiu  ta  on 
tbe  Burfa«e  of  a  circumscribing  sphere.  He  gave  (in 
1823)  the  laws  of  the  derivation  of  crystalline  faces, 
expressed  geometrically  by  the  intersection  of  zones, 
{B^riige  zwr  KryttaUonomie.')  The  same  method  of 
indicating  the  jiosition  of  faces  of  crystals  was  after-  . 
wards,  together  with  the  notation,  re-invented  by  M. 
OrBssmann,  {Zur  Kryalallonomie  utid  GeameCriedieit 
CambtmUumsklire,  1829.)  Aiding  himself  by  the  sug- 
gestions of  these  writers,  and  partly  adopting  my 
method.  Prof.  Miller  has  produced  a  work  on  Crystal- 
lugraphy  remarkable  for  ntHthematicnl  elegance  and 
Bvmmetry;  and  has  given  expressions  really  usefiil  for 
lalculflting  the  angles  of  crystalline  faces,  (.il  Trealiaa 
M  Gr^atMiffrapiy.     Cambridge,  1839,)] 
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Confirmation  of  Ols  SMnrlion  of  Sysletiu  bjf 
Optical  Propertiea  of  Jfineral*. — Brttotter. — I  imist  iigt 
omit  to  notice  the  strjkiug  confivmatiou  which  the 
distinction  of  ayntinQa  of  cryHt&llimtion  received  from 
optical  dincovuriis,  especi&lly  those  of  Sir  D.  firewater. 
Of  the  history  of  this  very  ricli  and  betiiitiful  depart- 
uieut  of  science,  we  have  already  given  some  accuuot, 
in  speaking  of  Optics.  The  firat  feots  which  were 
noticed,  those  relating  to  double  refj'action,  belonged 
exclimvelj  to  crystals  nf  the  rhombohedral  system. 
The  splendid  phenomena  of  the  rings  and  lemniscatea 
produced  by  dipolariting  crystals,  were  atWwards 
discovered;  and  these  were,  in  1817,  classified  by  Sir 
David  Brewster,  according  to  the  crystalline  forma  to 
which  they  belong.  Tins  classtti cation,  on  compari«on 
with  the  distinction  of  SyHtems  of  Crystallization, 
reuolv<:d  itself  into  a  necessary  relation  of  mathe' 
matical  symmetry:  all  crystals  of  the  pyrAuiidal  and 
rhumbohedral  systems,  which  Irom  their  geometrical 
character  have  a  single  axis  of  symmetry,  are  also 
optically  uuiaxal,  and  produce  by  dipolarization  cir- 
cular rings ;  while  the  prismatic  system,  which  has  no 
such  single  axis,  but  three  unequal  axes  of  symmetry, 
is  optically  biaxal,  gives  lemniscates  by  dipolarized 
light,  an<l.  according  to  Fresnel's  theory,  has  three 
rectangular  axes  of  unequal  elasticity. 

[and  Ed.]  [I  have  placed  Sir  David  Brewster's 
arrangement  of  crystalline  forms  in  this  chapter,  as 
an  event  belonging  to  the  eonfirmaiion  of  the  dis- 
tinations  of  forma  introduced  by  Weiss  and  Mohs; 
because  that  arrangement  was  esteblished,  not  oa 
orystaliographjcal,  hut  on  optical  grounds.  But  Sir 
David  Brewster's  optical  discovery  was  a  much  greater 
step  in  science  than  the  systems  of  the  two  German 
crystal  lographers;  and  even  in  respect  to  the  crystal- 
Iographi»il  principle.  Sir  D.  Brewster  had  an  inde- 
jiendent  share  in  the  discovery.  He  divided  crystal- 
line forms  into  three  classes,  enumerating  the  Hauian 
'  jrrimitive  forms'  which  belonged  to  e«ch;  and  aa 
he  found  aome  exceptions  to  this  classifi cation,  (such 
a«  idocraae,  ^c,}  he  ventured  to  pronounce  that  in 
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thoae  e\xhat&aces  tbe  received  primitive  forms  vera 
probably  erroneons;  »  judgmeut  which  wns  Boon  con- 
finaed  by  a  cloHcr  crrBtoilogrBphica]  Bcrutiny.  He 
aiuo  showed  his  peroejitioD  of  the  mineralo^cal  im- 
portance of  Iiis  discovery  by  pabltihing  it,  not  only  is 
the  Phii.  TraiuL  (1818),  but  also  in  tbe  Traiuattum» 
of  Un  Wemtriau  SoeUty  of  Naittml  JBiMori/.  In  A 
BftMud  p&per  inserted  In  this  latter  series,  raul  in 
1 820,  he  furtber  notices  MohsB  System  of  Crystallo- 
graphy, wbich  had  then  recently  appeiuvil,  and  poinia 
out  its  agreement  witli  bb  own. 

Another  roaaon  why  I  do  not  malce  tliis  great 
optical  discovery  a  cardinal  point  in  tbe  history  of 
crystallogmphy  is,  that  a«  a  cryBtallographical  syatem 
it  is  incomplete.  Although  we  are  thus  led  to  dis- 
tinguish the  Uttuiar  and  the  priamatie  systems  (using 
Mohs's  t«rms)  from  the  rhoiahohedral  and  the  Mqaare 
pritmatic,  we  are  not  led  to  distinguish  tbe  latter  tvra 
from  each  other;  inasmuch  as  they  have  110  optical 
difference  of  character.  But  tltis  distinction  is  quite 
essential  in  crystallography;  for  tbeee  two  systems 
have  faces  formed  by  laws  as  different  as  those  of  the 
other  two  systems. 

Uoroover,  Weiss  and  Mobs  not  only  divided  crys- 
talline forms  into  certain  classes,  but  tjiowed  that  by 
doing  this,  the  derivation  of  alt  tbe  existing  forms 
from  tbe  fiindamentsi  ones  assumed  a  new  aspect  of 
simplicity  and  generality;  and  this  was  tbe  essentiiil 
part  of  what  they  did. 

On  the  other  hand,  I  do  uot  think  it  is  too  much  to 
say,  as  I  have  elsewhere  said,^  that  '  Sir  D.  Brewster's 
optical  espcriments  must  have  led  to  a  claasiiication  of 
crystals  into  the  above  systems,  or  something  nearly 
equivalent,  even  if  crystals  had  not  been  so  arranged 
by  attention  to  their  forms.'] 

Many  other  most  curious  trains  of  research  have 
conlirmed  the  generaJ  truth,  tliat  the  degi-ee  and  kind 
of  geometrical  symmetry  corresponds  exactly  with  the 
metiy  of  the  optical  properties.     As  an  instanco 
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of  this,  eniiiieiitly  striking  for  its  Bingularity,  we  may 
notice  the  discovery  of  Sir  Jolm  HerscLel,  that  the 
plagilieilral  crystallization  of  quartz,  by  which  it 
exhibits  &ce8  ticisfed  to  the  right  or  the  lefl,  ie  accom- 
panied by  right-handed  or  lefVhanded  circular  polari- 
wition  respectively.  No  one  acquainted  with  the 
subject  can  now  doubt,  that  the  corTe8]M>ndence  of 
geometrical  and  optical  Hymmetry  is  of  the  moat 
eompleto  and  fundamental  kind. 

[and  Ed.]  [Our  knowledge  witli  respect  to  the  poai- 
tiona  of  the  optical  axes  of  oblique  prismiitic  crvHtala 
is  still  imperfect.  It  ajipeara  to  lie  ascertained  that, 
in  singly  oblique  cryatals,  one  of  the  axes  of  optical 
elasticity  coiiicideH  with  the  rectangular  ctystalio- 
graphic  axis.  In  doubly-oblique  crystals,  one  of  the 
axes  of  optical  elasticity  is,  in  many  cases,  coincident 
with  the  axis  of  a  principal  zone.  I  believe  no  more 
determinate  taws  Imve  been  discovered.] 

Thus  the  highest  generalisations  at  which  mathe- 
matical cryBtallogrnphers  have  yet  arrived,  may  lie 
considered  as  fully  established;  and  the  science  of 
Crystallography,  in  the  condition  in  which  these  place 
it,  IB  fit  to  be  employptl  as  one  of  the  members  of 
Mineralogy,  and  thus  to  fill  its  appropriate  place  and 
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TXISCOFBRTof  ItomorpMtm.  MU3cherlich.—Thc 
-*-'  discovery  of  which  we  now  Lave  to  speak  may 
aji|>ear  at  tirRt  ught  too  large  to  be  included  id  the 
histoiy  of  cryatallf^raphy,  and  may  seem  to  belong 
rather  to  chemisti;.  But  it  lb  to  be  recollected  that 
cryftallography,  from  the  time  of  ita  first  assiuuiiig 
importance  in  the  hands  of  Hatiy,  founded  its  claim  to 
notice  entirely  upon  its  connexion  with  chemistry; 
crystalline  forma  were  properties  of  aomKthing;  but 
what  ih&t  sometliing  was,  and  how  it  might  be  modified 
without  becoming  aometbing  else,  no  cryatallographer 
cinild  venture  to  decide,  without  the  aid  of  chemical 
aiialy^s.  Hauy  hod  assumed,  as  the  general  result  of 
his  researches,  that  the  same  chemical  elements,  com- 
bined in  the  same  proportions,  would  always  exhibit 
the  same  ctystalliue  form;  and  reciprocally,  that  the 
vme  form  and  angles  (except  in  the  obvious  case  of 
the  t«s9ular  system,  in  which  the  angles  are  determined 
by  its  heiiu]  the  tessular  system,)  implied  the  same 
chemical  constitution.  But  tliis  dogma  could  only  be 
eonsidered  as  an  approximate  conjecture;  for  there 
were  many  glai'ing  and  unexplained  exceptions  to  it. 
The  explanation  of  several  of  these  was  beautifully 
diMcribed  by  the  discovery  that  there  are  various 
dements  which  are  ieomorphma  to  oa«h  other;  that  is, 
Rich  tlutt  one  may  take  the  place  of  another  without 
altering  the  orystaUine  form ;  and  tlius  the  chemical 
compoution  may  be  much  changed,  while  the  crystal- 
logni]ihic  character  is  undisturbed. 

This  truth  ha<l  been  caught  sight  of,  probably  as  a 
gnesa  only,  by  Fuchs  as  early  as  1815.  In  speaking 
of  a  min^ul  which  had  been  oaJled  Gehleuite,  he  says, 
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a^u  draws  atteution  to 
rende,)  which  undoubtedly 
general  law  afterwards  esti 
1832. 

But  Fuchs'a  conjectura 
prelude  to  Mitsuherlicli'a 
JBomorphism.  Till  many  ( 
substance  and  aignilicatio; 
vicarious  eltmenta,  it  was  t» 
one  was  more  capable  than 
best  advantage  any  idmu  wj 
chemical  world ;  yet  we  fioq 
upon  a  certain  vague  view  of 
which  coutain  equal  doses  ol 
geueral  properties  common;* 
deQuite  concluaioDs.  But 
gave  this  proposition  a  real  < 
Thus  he  found  that  the  carb 
of  magnesia,  of  protoxide  of 
manganese,  agree  in  many  i» 
homologous  angles  vary  thn 
only;  so  agsiu  the  carbonats 
and  lime  (arragonite),  agree  I 
of  felspar  vary  only  by  the  1 
for  another;  the  pbogph^a 


m;  <w  in  tbe  btt«r  ULttance,  diftt  tli«  aneuic 
Bud  p)io0phor)e  aonb  are  uomorpbous. 

Siiictf,  ID  aom«of  t]iew  caaes,  the  eiibstjiiitkin  of  oR(^ 
rlpint^iit  of  tbe  iaonKiriihcius  gn>up  for  another  ilots 
alter  tliv  sn^e,  tliongh  elighUj',  it  has  sinee  bn-n  jiru- 
[loeed  to  call  snch  groufe  fiUtiomarjAfrtu. 

This  diBOoneiT  of  ieomorphiam  w»a  of  great  im- 
portance, and  exeited  much  attention  among  the 
clieniista  of  Eurogie.  The  history  of  its  rt-crptinu.  how- 
ever, belcmgB,  in  psrt,  to  the  claisaificalioD  of  minenils ; 
for  its  eSeet  was  immediatelv  to  metainor[>hoK>  th« 
existing  cfaentieal  systems  of  arrangement.  But  even 
those  crystallogtapbers  and  chemists  whi>  eartni  little 
for  general  systems  of  elasification,  rweived  a  powerftil 
impulse  hj  the  eipectation,  which  wa«  now  excited, 
of  diacov^ng  definite  laws  connecting  ehemical  con- 
stitution with  cryetalline  form.  Such  iDTeetigatioDB 
were  soon  carried  on  with  great  actiWty.  Thus,  at  a 
recent  period,  Abich  analysed  a  niiml)«r  of  teffiular 
minerals,  spinelle.  pleonaste,  gahuite,  irankliuitc,  and 
chromic  iron  oiidej  and  seems  to  have  hnd  sotno 
sncceas  iu  giving  a  common  type  to  their  chemical 
formula,  as  there  is  a  common  tyi>e  in  their  crystal- 
lintioru 

[and  Ed.1  [It  will  be  seen  by  the  above  acoount 
that  Prot  Mitscherlich's  m<;rit  in  the  great  discovery 
of  iBomorphism  is  not  at  all  narrowed  by  the  previous 
oo^jecttires  of  M.  Fuehs.  I  am  infomte<l,  moreover, 
that  M.  Fiichs  afterwards  (in  Schwui^^^r's  Journal') 
ntraoted  tbe  opinions  he  had  put  forwards  on  this 
nbjecL] 

Dimorphism. — My  business  is,  to  point  out  tlie 
connected  truths  which  have  been  obtained  by  philo- 
■ophers,  rather  than  insulated  difficulties  whidi  still 
stand  out  to  perplex  them.  I  need  not,  therefore, 
dwell  on  the  curious  coses  of  diinorphum ;  cases  iu 
vhtch  the  same  definite  chemical  compound  of  tbe 
tame  elements  appears  to  have  two  different  forma; 
thus  the  carbonate  of  lime  has  two  forms,  calc-tpar 
■ad  arragonite,  which  belong  to  different  systems  of 
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crystallimtion.  Such  fiicta  may  puzzle  ua;  but  they 
hardly  interfere  with  any  received  general  truths, 
because  we  have  aa  yet  no  truths  of  very  high  order 
rospecting  the  connexion  of  chemical  constitiitioii  and 
crystalline  form.  Dimorphism  does  not  interfere  with 
isomorphism;  the  two  classes  of  facta  stand  at  the 
same  stage  of  inductive  generalization,  and  we  wait  for 
some  higher  truth,  which  ghall  include  both,  and  rise 
above  them. 

[and  Ed.]  [For  additions  to  our  knowledge  of  the 
Siraorphiam  of  Bodies,  see  Professor  Johnstone's 
valuable  Report  on  that  subject  in  the  Reporta  of  iht 
Briikh  Associalion  fur  1837.  Substances  have  also 
been  found  which  are  trtjnorphmu.  We  owe  to  Pro- 
fessor Mitscherlioh  the  discovery  of  dimorphism,  as 
well  as  of  isomorphism  :  and  to  him  also  we  owe  the 
greater  part  of  the  knowledge  to  which  these  dia- 
ipoveries  have  led.] 


CHAPTER  VII. 


THE  roflectioDs  from  wbiah  it  appeared,  {at  the  end 
of  the  last  Book,)  that  ia  order  to  obtftia  general 
knowledge  res|>ecttiig  bodies,  we  must  give  sclentilic 
fixity  to  our  apprectatioa  of  their  properties,  applies  to 
their  other  projiertiea  aa  well  as  to  their  cryBtalliue 
form.  And  thous;h  none  of  the  other  properties  have 
yet  been  referred  to  ataudanb  eo  definite  as  that  which 
geometry  jnippliea  for  cryatala,  a  system  has  been  intro- 
duced which  makes  their  measurea  far  more  constant 
and  precise  thau  they  are  to  a  common  undiscipliaed 

The  author  of  this  systam  was  Abraham  Gottlob 
Werner,  who  had  been  educated  ia  the  institutions 
which  the  elector  of  Saxony  had  established  at  tha 
mines  of  Freiberg.  Of  an  exact  and  methodical  intel- 
lect, and  of  great  acutenesa  of  the  sensea,  Werner  was 
well  fitted  for  the  task  of  giving  fixity  to  the  apprecia- 
tion of  outward  imprtssaionB;  and  this  he  attempted  in 
his  Diegertatwn  on  (Ac  External  Characters  of  Fuasila, 
which  was  publislied  at  Leipzig  in  1774.  Of  the 
preciflioii  of  his  estimation  of  such  charactora,  we  may 
judge  from  the  following  story,  told  by  his  biographer 
FriscL'  Otic  of  his  companions  had  received  a  quantity 
of  piecea  of  amber,  and  woa  relating  to  Werner,  then 
Tery  young,  that  he  had  found  in  the  lot  one  piece  from 
which  he  could  extract  no  signs  of  electricity.  Werner 
requeated  to  be  allowed  to  put  his  hand  in  the  bag 
which  cont4uned  these  piecea,  and  Immediately  drew 
out  the  unelectrical  piece.  It  waa  yellow  chalcedony, 
which  is  distinguishable  from  amber  by  its  weight  and 
coldness. 

The  principal  external  charaetera  which  were  aub- 
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jectcd  by  Werner  to  a  systematic  examinBtion,  were 
colour,  lustre,  hardnoss,  and  spfcific  gravity.  His 
Bubdiviaioos  of  tbe  first  character  {Coluur,)  were  veiy 
numerous^  yet  it  caonot  be  doubted  tliat  if  vre  ru- 
oollect  tliem  by  the  eye,  and  not  by  their  uamu,  they 
are  definite  and  valnable  charactem,  and  especially  the 
metiillic  colours,  firuithaupt,  merely  by  the  aid  of 
this  character,  distioguished  two  new  compoands 
among  the  sniall  graiiiH  found  along  with  the  gntins  of 
platinum,  and  usually  confounded  with  them.  The 
kinds  of  Lufire,  namely,  glasay,  fatty,  adamatitint, 
metallic,  are,  when  uacd  in  the  name  manner,  equally 
valuable.  Specific  Gravity  obviously  admits  of  a  nu- 
merical measure ;  and  the  Ilardiiega  of  a  miaeral 
was  pretty  exactly  defined  by  the  aubatanc^  which  it 
would  scratch,  and  by  which  it  was  capable  of  being 
scratched. 

Werner  soon  acquired  a  reputation  ns  a  mineralogist, 
which  drew  peraons  from  every  part  of  Eurojie  to 
Freiberg  in  order  tfl  hear  hid  lectures;  and  thus  diffuaed 
very  widely  his  mode  of  employing  external  characters. 
It  was,  indeed,  impoesibtc  to  att«nd  so  closely  to  these 
charact«r«  as  the  Wemerian  method  required,  without 
tinding  that  they  were  more  distinctive  than  might  at 
first  sight  be  imagined;  and  the  analogy  which  this 
mode  of  studying  Mineralogy  established  between  that 
and  other  branches  of  Natural  History,  recommended 
the  method  to  those  in  whom  a  general  inclination  to 
such  studies  was  excited.  Thus  Professor  Jameson  of 
Edinburgh,  who  had  been  one  of  the  pupils  of  Werner 
at  Freiberg,  not  only  published  works  in  whic^  he 
promulgated  the  minendogical  doctrines  of  his  master, 
but  established  in  Edinburgh  a  '  Wemerian  Society,' 
having  for  its  object  the  general  cultivation  of  Natural 
Histoiy. 

Werner's  standards  and  nomenclature  of  external 
characters  were  somewhat  modified  by  Moha,  who, 
with  the  same  kind  of  talents  and  view:^,  succeeded 
him  at  Freiberg.  Mohs  reduced  liardnese  to  uumerioal 
neisure  by  selecting  ten  known  minraitls,  each  faaider 
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&UL  tti«  other  in  order,  from  Udc  to  eontnduta  aud 
diamond,  and  by  making  the  placewliich  those uuiutmb 
occnpy  in  the  list,  the  numerii^  meunre  of  the 
bardnes  of  those  which  are  compared  widi  them. 
The  result  of  the  application  of  this  fixed  raMBUreiiunit 
and  DomeDcIatiire  of  external  diarairteni  will  agiptAr 
b  the  Hiatory  of  Cltuaification,  to  which  we  noir 
pnxtecd. 


( 
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CHAPTER  VIII. 

Attempts  at  the  Classifi 


.OGY.     ^H 


Sect,  i 


—Proper  object  0/ Clataifieation. 


rfIHE  fixity  of  tbe  or3-stulliiie  aud  other  physical 
1  properties  of  minerals  ie  turned  to  account  Viy 
being  nuide  the  means  of  classifying  Buch  objects.  To 
use  the  language  of  Aristotle,'  Classificatiou  Is  the 
a/rchUectonic  science,  to  which  Crystallography  and  the 
Doctrine  of  External  Characters  are  subordinate  and 
ministerial,  as  the  art  of  the  bricklayer  and  carpenter 
are  to  that  of  the  architect.  But  classilicatton  iteulf  ia 
useful  only  as  subservient  to  an  ulterior  science,  which 
fihall  furnish  us  with  knowledge  concerning  things  bo 
clftsaified.  To  classify  is  to  divide  and  to  name ;  and  the 
value  of  the  Divisions  which  we  thus  make,  and  of  the 
Names  which  we  give  them,  ia  this ; — that  they  render 
exact  knowledge  and  general  projioBitioiis  possible. 
Now  the  knowledge  which  we  principally  seek  cou- 
ceining  minerals  is  a  knowledge  of  their  chemicttl 
composition;  the  general  propositions  to  which  we 
hojie  to  be  led  are  such  as  assert  relations  between 
their  intimate  constitution  and  their  external  attri- 
butes. Thus  our  Mineralogical  Classification  must 
always  have  an  eye  turned  towards  Chemistry.  We 
cannot  get  rid  of  the  fundamental  conviction,  that  the 
elementary  composition  of  bodies,  since  it  fixes  their 
essence,  must  determine  their  properties.  Hence  all 
mineralogical  arrangements,  wjiether  they  profess  it 
or  not,  must  be,  in  efiect,  chemical ;  they  must  have 
it  for  their  object  to  bring  into  view  a  set  of  relations, 
which]  whatever  else  they  may  be,  are  at  least  chemical 
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teUtiona.  We  may  begin  with  the  outside,  but  it  ia 
only  in  order  to  reach  the  inner  structure.  We  may 
classify  without  reference  to  chemistry;  but  if  we  do 
so,  it  is  only  that  w?  may  assert  chemical  propositions 
with  reference  to  our  classification. 

But,  a«  we  have  already  attempted  to  show,  wo  not 
only  may,  but  we  mu»t  classify,  by  other  than  chemical 
chamctere,  in  order  to  be  able  to  make  our  clnMsilica- 
tion  the  basis  of  chem.ical  knowledge.  In  order  to 
assert  chemical  truths  concerning  bodies,  we  must 
have  the  bodies  known  by  some  te8t§  not  ohemicoL 
The  chemist  cannot  assert  that  Arragonlte  does  or  does 
nut  contain  Strontitt,  except  the  mineralogist  can  tell 
liim  whetlieranygiven  specimen  is  or  is  not  ^rrn^inttte. 
If  ehemiatry  be  called  upon  to  supply  the  dejinitioaf 
as  well  as  the  doctrines  ai  mineralogy,  the  science  can 
only  consist  of  identical  propositions. 

Yet  chemistry  baa  been  much  employed  in  minera- 
Ic^cal  classilicstions,  andjit  is  generally  believed,  with 
advantage  to  the  science  ;  How  is  this  consistent  with 
what  has  been  said  1 

To  this  the  answer  is,  that  when  tliis  /uu  been  done 
with  advantage,  the  authority  of  external  cliaracters,  aa 
well  aa  of  chemical  constitution,  lias  really  been  brought 
into  play.  We  have  two  sets  of  properties  to  compare, 
chemical  and  physical ;  to  exhibit  the  connexion  of 
these  is  the  object  of  scientific  miuoralogy.  And 
though  this  connexion  would  be  most  distinctly 
iuaert«d,  if  we  could  keep  the  two  sets  of  proiwrtiea 
distinct,  yet  it  may  be  brought  into  view  in  a  great 
degree,  by  classifications  in  which  Iioth  are  referred 
to  as  guides.  Since  the  governing  princifile  of  the 
attempts  at  classlScation  is  the  couvictiun  that  the 
chemical  constitution  and  the  physical  properties  have 
a  definite  relation  to  each  other,  we  appear  entitled 
to  use  both  kinds  of  evidence,  in  proportion  aa  we 
can  best  obtain  each;  and  then  the  general  consistency 
and  convenience  of  our  system  will  be  the  security 
fur  its  containing  substantial  knowledge,  though  this 
be  not  presented  in  a  rigorously  logical  or  systematic 
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Such  mixed  sygCeiiia  of  claasLGcatiou,  resting  partly 
on  chemical  aud  pai'tly  oa  physical  characters,  natu- 
rally appeared  aa  the  earliest  attempts  iii  tliis  way, 
before  the  two  members  of  the  subject  had  been 
clearly  se[iarate<i  in  men's  minds;  and  theee  ^8t«ms, 
therefore,  we  must  fint  give  an  account  o£  ^^M 

Sect.  1. — Mixed  Si/atem»  of  Ch»Bi/Ualion.     ^^^ 

Early  Syttema. — The  first  attempts  at  classiffuig 
minerals  went  upon  the  ground  of  those  differences  of 
genera!  aspect  which  had  been  recognized  in  the  foi^ 
mation  of  common  language  ;  as  eartlis,  stones,  metaiU. 
But  such  arrangements  were  manifestly  vague  and 
confused;  and  when  chemistry  had  advanced  to  power 
and  lionoiir,  her  aid  was  naturally  called  in  to  intro- 
duce a  l)etter  order.  'Hiame  and  Bromell  were,  as 
far  as  I  know,'  says  ^  Gronstudt,  '  the  first  who  founded 
any  mineral  system  upon  chemical  principlesj  to  them 
we  owe  the  three  known  divisions  of  the  most  simple 
mineral  bodies ;  viz.,  the  calcarei,  vUrescerUes,  and 
apyri.'  But  Cronstedt's  own  Essay  towards  a  Syattm 
of  Jfineralogy,  published  in  Swedish  in  1758,  had 
perhaps  more  influence  than  any  other,  u]ion  succeed- 
ing systems.  In  this,  the  distiuction  of  earths  and 
stones,  and  also  of  vitresceut  and  uon-vitresceut  earths 
(apyn),  is  rejected.  The  earths  are  classed  as  oalat- 
reous,  siliceous,  argiUaeeou^s,  and  the  like.  Again,  calca- 
reous earth  ia  pure  {calc  spar),  or  united  with  acid  of 
Titriol  {<iypav,m),  or  united  with  the  muriatic  acid  {aal 
aminmiiae),  and  the  like.  It  is  easy  to  see  that  this  is 
the  method,  which,  in  its  general  principle,  has  been 
continued  to  our  own  time.  In  such  methods,  it  is 
supposed  that  we  can  recognize  the  substance  by  its 
general  apjiearauce,  and  on  this  assumption,  its  place 
in  the  system  couvoys  to  us  chemical  knowledge  con- 
cerning it. 

But  as  the  other  branches  of  Natural  History,  and 
especially  Botany,  assumed  a  systematic  form,  1 
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niacralogista  became  dJfwatisRed  with  this  casual  and 
superlicial  mode  of  takiug  account  of  exteniiU  oha- 
Toeters  i  they  became  convinced,  that  in  Miueralogy  at 
iu  other  scieuccs,  classification  must  have  its  system 
and  its  rules.  The  views  which  Werner  ascribes  to  hia 
teacher,  Pabst  von  Ohain,^  show  the  rise  of  those 
o[»iuonB  which  led  through  Werner  to  Molis:  'He 
was  of  opinion  that  a  natural  mineral  system  must  be 
constructed  by  chemical  determinatiouB,  and  external 
characters  at  the  same  time  {mel/ui(lu»  mixta) ;  but 
that  along  with  this,  miueralogists  ought  also  to  con- 
stnict  and  employ  what  he  called  an  arl'fiaal  ayatem, 
which  might  sen-e  us  as  a  guide  {kco  indicia)  how  to 
iutrodaee  iiewly-discovered  foMsils  into  the  system,  and 
how  to  liiid  eoiiily  and  []uicUy  those  already  known 
and  introduced.'  tiuch  an  artificial  system  containing, 
not  the  grounds  of  classification,  but  marks  for  recog- 
nition, was  afterwards  attempted  by  Mohs,  and  termed 
by  him  the  0/taracteriatie  of  hia  Byst«ra. 

Weriier't  Syalem. — But,  iu  the  mean  time,  Werner's 
claasification  had  a,n  estensive  reign,  and  this  was  still 
a  mixed  syat«n).  Werner  himself^  indeed,  never  pub- 
lished a  system  of  mineralogy.  '  We  might  almost 
imagine.'  Cuvier  says,*  '  that  when  he  had  pi-oduccd 
his  nomenclature  of  external  characters,  he  was 
a3right«d  with  his  own  creation;  and  that  the  resMin 
of  his  writing  so  little  after  this  first  essay,  was  to 
avoid  the  shackles  which  he  Imd  imposed  upon  others.' 
Hia  system  was,  indeed,  made  kuown,  both  in  and  out 
at  Germany,  by  his  pupils;  but,  in  consequence  of 
Werner's  unwillingness  to  give  it  on  his  own  authority, 
it  asBumpd,  in  its  published  forms,  the  appearance  of 
an  extorted  secret  imjierfectly  told.  A  Notice  of  tha 
Miiieralogieal  Calnnet  of  Mine-Director  Pnbat  mm 
Oluiin,  was,  in  1793,  published  by  Karateu  and 
Uofihutn,  under  Werner's  direction;  and  conveyed, by 
example,  his  views  of  mineralogical  arrangement;  and' 
in   ifii6  liis  DoclTiae  of  CloMiJication  was  surrepti- 
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tiously  copied  from  his  manuscript,  and  publixhe^  in 
a  German  Journal,  termed  Tlie  l/enjieruii.  But  it  was 
only  in  1817,  after  hia  death,  that  there  appeared 
Wemer'g  Last  Mineral  Sy»Um,  edited  fi-om  hia  papers 
by  Breithaupt  and  Kohler:  and  by  thta  time,  as  we 
shall  soon  see,  other  systems  -wax  coming  forwards  on 
the  stage. 

A  very  slight  notice  of  Werner's  aiTangcment  will 
suffice  to  show  that  it  was,  as  we  have  termed  it,  a 
Mixed  System.  He  makes  fo\ir  great  Classes  of  fos^s, 
Earthy,  Saline,  CovAustHile,  Metallic:  the  earthy  fossils 
ate  in  eight  Genera — Diamond,  Zircon,  Silica,  Alumina, 
Talc,  Lime,  Baryta,  Hallites.  It  is  clear  tliat  these 
genera  are  in  tlie  main  chemical,  for  chemistry  aloue 
can  definitely  distinguish  the  different  Earths  wUtcIi 
characterize  them.  Yet  the  Wenierian  arrangement 
sapposed  the  distinctions  to  be  practically  made  by 
reference  to  those  external  chariieters  which  the 
teacher  himself  could  employ  with  such  surpassing 
skill.  And  though  it  cannot  be  doubted,  that  the 
chemical  views  which  prevailed  around  bim  had  a 
latent  influence  on  hia  claaaitication  in  some  cases,  he 
resolutely  i-efu^  to  bend  his  system  to  tJie  authority 
of  chemistry.  Thus,"  when  he  was  blamed  for  having, 
in  opposition  to  the  chemists,  placed  diamond  among 
the  earthy  fossils,  he  ]>ersisted  in  declaiing  that,  nun&- 
ralogicaliy  considered,  it  was  a  stone,  and  could  not  be 
treated  as  anything  else. 

This  was  an  indication  of  that  tendency,  which, 
under  his  successor,  led  to  a  complete  se[>aration  of  the 
two  grounds  of  classification.  But  before  we  proceed 
to  this,  we  must  notice  what  was  doing  at  this  period 
in  other  parts  of  Europe, 

Baiij/a  System. — Though  Werner,  on  his  own 
principles,  ought  to  have  been  the  first  person  to  see 
the  immense  value  of  the  most  marked  of  cKtemal 
characters,  crystalline  form,  he  did  not,  in  fact,  attach 
much  importance  to  it.  Perhaps  he  was  in  some 
measure  fascinated  by  a  fondness  for  those 
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which  he  }a,d  himaelf  sjntematizcd.  aud  the  study  of 
which  did  not  direct  him  to  look  for  geonibtricul 
relations.  However  this  may  be,  the  glory  of  giving 
to  Crj-atallogmphy  its  just  importance  iu  Mineralogy  is 
due  to  France;  and  the  Treatise  of  Haiiy,  publiiihed  in. 
I  So  I,  is  the  basis  of  the  best  succeeding  works  of 
minerulog^.  In  this  work,  the  arrangement  is  pro- 
fessedly chemical ;  and  the  claflsification  thus  esta- 
blished ia  employed  as  the  means  of  enunciating  crys- 
tallogmphic  and  other  properties.  '  The  principal 
object  of  this  Treatise,'  says  the  author/  '  is  the 
exposition  and  devalopement  of  a  melliod  founded  on 
certain  principles,  which  may  »orve  as  a  frame-wurk 
for  all  the  knowledge  which  Minei-alogy  can  supply, 
aided  by  the  difiereiit  sciences  which  cun  join  hands 
with  her  and  march  on  the  same  line.'  It  is  worthy 
of  notice,  as  characteristic  of  this  period  of  Mixed 
Systems,  that  the  classiHcntion  of  Haiiy,  thougli  founded 
on  principles  so  ditTereut  from  the  Wemerian  ones, 
_  deviates  little  from  it  in  the  general  character  of  the 
isians.  Thus,  the  first  Order  of  the  Erst  Class  of 
r  is  Aeidiferoua  Earthy  Sub/ilaiicei ;  the  first 
Btus  is  Lime;  the  species'  are,  Carbonate  of  Lime, 
:«  of  Lime,  Flualc  of  Lim£,  Sulphate  of  Lima, 

Other  Syslema. — Such  mixed  methods  were  intro- 
duced also  into  this  country,  and  have  prevailed,  we 
may  eay,  up  to  the  present  time.  The  Mineralogy  of 
William  Phillips,  which  was  published  in  1814,  and 
which  was  an  extraordinary  treasure  of  crystallographio 
facts,  was  arranged  by  such  a  mixed  nyittem;  that  is, 
by  a  system  professedly  chemical ;  but,  inasmuch  as  a 
rigid  chemical  system  is  impossible,  and  tlie  assumption 
of  such  a  one  leads  into  glaring  absurdities,  the  system 
waa,  in  this  and  other  att«mpta  of  the  same  kind,  cor- 
rected by  the  most  arbitrary  and  lax  application  of 
other  conaiderations. 

It  is  a  curious  example  of  the  difference  of  national 
i.4iiteUectual  character,  that  the  niaiiifest  inconusteucies 
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of  the  prevalent  Bjstema,  which  led  in  GermaJiy,  as  we 
shall  see,  to  bold  and  aweeping  attempts  at  reform, 
produced  in  England  a,  sort  of  contemptuous  despair 
with  regard  tti  systems  in  general; — a  belief  that  do 
system  could  be  oousUtent  or  useful  ;^B.nd  a  persuasion 
that  the  only  valuable  kuowtedge  is  the  accumulation 
of  particular  facta.  This  is  not  the  place  to  explain 
how  eiTuneuus  and  un philosophical  auch  an  opinion  is. 
But  we  may  notice  that  white  such  a  temper  prevails 
among  uh,  our  plaxje  iu  this  acieuce  can  never  be  found 
iu  advance  of  that  [loaition  which  we  are  now  con- 
sidering as  eseraplilied  in  the  period  of  Werner  and 
Hatty.  So  long  as  we  entertain  such  views  respecting 
the  objects  of  Mineralogy,  we  can  have  no  share  iu  the 
furtuncs  of  the  succeeding  period  of  its  historyj  t9  which 
I  now  proceed. 


CHAPTER  IX 

AtTEXTTB   at  the    ReFOIUI    op    MiNKRALOOlCAL   SyS- 

TEX3. — Separation  of  the  CuEutcAL  anl>  Natural 
HiBTOBT  Methods. 


Seet.  I. — Natwral  Histart/  System  of  Moha. 
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^EnPHE  chemical  principle  of  classification,  if  pursued 
X  at  random,  lui  in  the  cases  juist  s))okeD  of,  leads  to 
reimlts  at  wiiich  a  pliiloso|)l)ical  spirit  revolts;  it  se]iH- 
rates  widely  substances  tihicli  are  Dot  distiinguishaljlej 
joins  togetlier  bodies  tbe  moat  tlissimilar;  aud  in  liardly 
luiy  instAiice  does  it  bring  any  tmth  into  view.  The 
victis  of  classifications  like  that  of  Haity  could  not  long 
be  concealed;  hut  even  before  time  had  exposed  the 
weakness  of  hia  syst«m,  Haiiy  kiuuelf  bad  pointed 
out,  clearly  and  without  reserve,'  tliat  a  ohemical 
system  is  only  one  side  of  the  subject,  and  supposes,  as 
its  counterpart,  a  science  of  external  cbai'aoters.  In 
tbe  mean  time,  thu  Werneriana  were  becoming  more 
and  more  in  love  with  the  form  wliidi  they  had  given 
to  such  a  science.  Indeed,  the  expertness  which 
Werner  and  his  scholars  acquired  in  the  use  of  external 
characters,  justified  some  partiality  for  them.  It  is 
related  of  hira,^  that,  by  looking  at  a  piece  of  iron-ore, 
and  poising  it  in  his  hand,  he  was  able  to  tell,  almost 
precisely,  the  proportion  of  pure  metal  which  it  con- 
tained. And  in  the  last  year  of  hia  life.'  be  bad 
marked  out,  as  the  employment  of  tbe  ensuing  winter, 
llie  study  of  the  ayal^m  of  Berzelius,  witli  a  view  to 
find  out  the  laws  of  combination  as  disclosed  by  ex.- 
temal  characters.  In  the  sumo  spirit,  his  pupil 
lireitbaupt'  attempted  to  discover  tbe  ingredieuta  of 
minerals  by  their  peculiarities  of  crystallization.     The 
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perauasion  that  there  raiist  be  some  ctmnexion  between 
composition  anil  propertieti,  transformed  itself,  id  theii- 
miuda,  into  a  belief  that  they  could  seize  the  nature  of 
the  connexion  by  a  sort  of  instinct. 

This  opinion  of  the  independency  of  the  science  of 
external  characters,  and  of  its  sufficiency  for  its  own 
object,  at  limt  assumed  its  complete  form  in  the  bold 
attempt  to  construct  a  system  which  should  borrow 
nothing  from  chemistry.  This  attempt  was  made  by 
f  redcrick  Mobs,  who  had  been  the  pupil  of  Werner, 
and  was  afterwards  his  successor  in  the  school  of 
Freiberg ;  and  who,  by  the  acute  and  methodical  clia- 
racter  of  his  intellect,  and  by  his  intimate  knowledge 
of  minerals,  was  worthy  of  his  predecessor.  Rejecting 
altogether  all  divisions  of  which  the  import  was  che- 
mical, Mobs  turned  for  guidance,  or  at  least  for  the 
light  of  analogy,  to  botany.  His  object  was  to  construct 
a  XatJeral  SysUm  of  mineralogy.  Wliat  the  conditions 
and  advantages  of  a  natural  system  of  any  province  of 
nature  are,  we  must  delay  to  explain  till  we  have 
before  us,  in  botany,  a  more  Inminous  example  of  such 
a  schema  But  further  ;  in  mineralogy,  as  in  botany, 
besides  the  Natural  SjJHtem,  by  which  we  /orm  our 
claaaea,  it  is  necessary  to  have  an  Artificial  Systeia,  by 
which  we  recognize  theiu ; — a  principle  which,  we  have 
seen,  had  already  taken  root  in  the  school  of  Freiberg. 
tjuch  an  artificial  system  MoKi  produced  in  his  Cha- 
raeteristie  of  the  Mineral  Kingdmii,  which  was  jiub- 
lished  at  Dresden  in  i8ao;  and  which,  though  extend- 
ing  only  to  a  few  pages,  excited  a  strong  interest  in 
Germany,  where  men's  minds  were  prepared  to  inter- 
pret the  full  import  of  such  a  work.  Some  of  the 
traita  of  such  a  '  Characteristic'  had,  indeed,  been  pr^ 
viously  drawn  by  others;  as  for  example,  by  Haiiy, 
who  notices  that  each  of  his  Chuises  has  peonliar 
characters.  For  instance)  his  First  Class  (acidiferona 
substances,)  alone  possesses  these  combinations  of  pro- 
perties: 'division  into  a  regular  octohedron,  withont 
being  able  to  scratch  glass;  specific  gravity  abore 
3'5,  without  being  able  to  scratch  glass.'  The  ext«n- 
of  such  characters  into  a  scheme  which  should 
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exhaust  tlie  whole  mineml  kingdom,  was  the  under- 
taking of  Mohs. 

Such  a  collection  of  marks  of  closflcs,  imjilied  a 
clasHiticatioQ  preTiousl^  established,  aud  uccorilinglj, 
Mohs  had  created  his  own  mineral  system.  His  aim 
was  to  construct  it,  aa  we  shall  herealier  Bee  that  other 
natural  systems  are  constructed,  by  taking  into  account 
aU  the  resemblances  and  differences  of  the  objects 
cla^fied.  It  is  obvious  that  to  execute  such  a  work, 
implied  B  most  intimate  and  univemal  ac(]uainta,nce 
■with  minerals; — a  power  of  combining  iu  one  vivid 
eurvey  the  whole  mineral  kingdom.  To  illustrate  tlie 
qitrit  iu  which  Professor  Mohs  performed  his  task,  I 
hope  I  may  be  allowed  to  refer  to  my  own  intercourse 
with  him.  At  an  early  period  of  my  mineralogical 
studies,  when  the  very  conception  of  a  Natural  System 
waa  new  to  me,  he,  with  great  kindliness  of  temper, 
allowed  me  habitually  to  pro[>ose  to  him  the  scniples 
which  arose  in  my  mind,  before  I  could  admit  principles 
which  apijeared  to  me  then  so  vague  and  indefinite; 
and  answered  my  objections  with  great  patience  and 
most  instructive  clearness.  Among  other  difficulties, 
I  one  day  propounded  to  him  this ; — '  You  have  pub- 
lished a  Treatise  on  Mineralogy,  in  which  you  have 
described  aU  the  important  properties  of  all  known 
minerals.  On  your  principles,  then,  it  ought  to  be 
poesible,  merely  by  knowing  the  descriptions  in  your 
book,  and  without  seeing  any  minerals,  to  constrnct  A 
natural  ^stem ;  and  this  natural  system  ought  to  turn 
out  identical  with  that  which  you  have  pi-oduced,  by 
BO  careliil  im  examination  of  the  minerals  themselves.' 
lie  i>ondered  a  moment,  and  then  he  answered,  '  It  a 
'toue;  but  what  an  enormous  inuiginalion  {eiiibUdttngt' 

aji,  power  of  inward  imagining^  a  man  must  have 
Hudi  ft  work  !'     Vividness  of  conception  of  sensible 

iperties,  and  the  steady  intuition  (aiuc/iutcun^)  of 
ts,  were  deemed  by  him,  and  by  the  Wernerian 
il  in  general,  to  be  the  most  essential  conditions 
of  complete  kuowledga 

It  is  not  necessary  to  describe  Moba's  system  in 
detAilj  it  may  sufficiently  indicate  its  form  U)  '^niA 


i 


Molui  u(it  ouly  ainieU  S 
wits  alao  ttmbitiouB  of  gfl 
which  should  accord  wil 
was  too  bold  to  Bucceed.  I 
cl&ture  was  much  needetl 
too,  that  it  waa  reusonabla 
clasaifi  cation,  an  improvecl 
been  so  happily  obtained  I 
LinniEus.  But  besides  tH 
he  had  not  fimpared  hij 
t«mperaiico  and  akill  of  tU 
He  called  upou  mineralogj 
almost  efvery  mineral  withi 
and  the  proposed  api>eUat 
brous  form,  as  the  above  i 
Such  names  could  have  t 
only  after  a  ^neral  and  ' 
system ;  and  the  system  di 
degree,  that  evidence  whibi 
in  the  belief  of  philosoph 
results  with  those  of  Chen 
finally  of  tlie  fortunes  of  th 
■will  say  something  of  the 
made  about  the  same  tiin« 
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of  the  present  century  had  been  diBtinguished  by  the 
cMtablisbment  of  the  theory  of  definite  firojKJrtiona,  iind 
liy  disooTcries  which  pointed  to  the  electro-chemical 
theory,  it  could  not  apgtear  presiuQption  tu  HU]>puBe, 
tbttC  the  chiasi£catioD  of  bodies,  so  far  aa  it  Oepecidod 
on  chemiatiy,  might  be  preseiiteil  m  a  form  more 
complete  and  scientific  than  at  any  previous  time. 

The  attempt  to  do  this  was  made  bj  the  great 
Swedieb  chemist  Jacob  Berzelius.  In  i8n5,  he  pub- 
liijhed  his  Batay  to  establish  a  pxvrAij  Scietttific  System 
of  Mineralo^,  by  meaii*  of  tlie  Application  of  th« 
EUctro-chetmcal  Tlteory  and  the  C/ieinieal  Doctrine  of 
Definile  Proportions.  It  ia  manifest  that,  for  minerals 
which  are  ounstttuted  by  the  law  of  Definite  Propor- 
tions, this  oonatitutiou  must  be  a  most  essential  part 
of  their  churacl^r.  The  electro-chemical  theory  waa 
called  in  aid,  in  addition  to  the  composition,  becauRe, 
distinguishing  the  elements  of  all  compounds  as  electro- 
positive and  electro-negative,  and  giving  to  every 
element  a  place  in  a  series,  and  a  place  de6aed  by  the 
d^^e  of  these  relations,  it  seemed  to  afford  a  rigorous 
■jid  complete  principle  of  arrangement.  Accordingly, 
Berxeliua,  in  his  First  System,  arranged  minerals 
according  to  their  electro-positive  element,  and  the 
elemeata  according  to  their  electro -positive  rank;  and 
supposed  that  he  had  thus  removed  all  tliat  was  arbi- 
trary and  vague  in  the  previous  che:nJcal  systems  of 
mineralogy. 

Though  the  attempt  appeared  so  well  justified  by 
the  stAte  of  chemical  science,  uud  was  ao  plausible  in 
its  principle,  it  was  not  long  before  events  showed  that 
there  was  some  fallacy  in  these  specious  apjieurances. 
In  i8zo,  Mitscherlidi  discovered  Isomorphiam:  by 
that  discovery  it  appeared  that  bodies  containing  very 
different  electro-positive  elements  ouiild  not  be  dis- 
-tingiiiahed  from  each  other;  it  was  impossible,  therefore, 
to  put  them  in  distant  portions  of  the  clsfltdfication ) — 
and  thus  the  first  system  of  fierzeliuH  crumbled  to  pieces. 

Bnt  Beraelius  did  not  so  easily  resign  his  project. 
With  the  moat  unhesitating  confession  of  his  first 
fulore,  bat  with  undaunted  courage,  ho  ag^n  inrAaJL 


himself  to  the  task  of  rebmlding  h 
at  the  electro-positive  poaitiou,  he  now  resolved  to 
make  a  stand  at  the  etoctro-negative  element  In 
1834,  he  publislu^<l  in  the  Transactions  of  the  Swedish 
Academy,  a  Memoir  On  tht  Alteratiomint/ie  Chemical 
Mitieral  St/stetn,  lohidi  neetMarilj/ /oUoto /rom  the  ptv- 
perty  exitibitedby  lHi>murp}urug  Bodien,  0/  replaoing  each 
otiier  in  given  proportions.  The  alteration  was,  in 
fiwt,  an  inveraiun  of  the  ayatem,  with  ac  attempt  atill 
to  preserve  the  electro-chemical  principle  of  arrange' 
ment.  Thus,  instead  of  arranging  metallic  minerals 
according  to  the  metal,  under  iron,  copper,  &c.,  all  the 
aulphuTtts  were  classed  together,  all  the  oxidea  together, 
all  the  eidplialei  together,  and  so  in  other  respecte. 
That  Buch  an  order  was  a  great  improvement  npon  the 
preceding  one,  cannot  be  doubted;  but  we  shall  see,  I 
think,  that  as  a  strict  scientilie  system  it  was  not 
auoceasful.  The  discovery  of  i3onioi-j)hism,  however, 
naturally  led  to  such  attempts.  Thus  Gmelin  also,  in 
1825,  published  a  mineral  system,^  which,  like  that  of 
Berzeliiis,  founded  its  leading  distinctions  on  the 
electro-negative,  or,  as  it  was  sometimes  termed,  the 
fonaative  element  of  bodies;  and,  besides  this,  took 
account  of  the  numherg  of  atoms  or  proportiont 
which  appear  in  the  composition  of  the  body;  dta- 
tinguishing,  for  instance,  Silicates,  as  simple  silicates, 
double  silicates,  and  so  on,  to  qvinluple  silicate 
{PecJatein)  and  sextuple  silicate  (PerUtein).  In  like 
manner,  N'ordenskiold  devised  a  syst«m  resting  on  the 
same  bases,  taking  iuto  accoimt  also  the  cryatAlline 
form.  In  1824,  Beudant  published  his  Traili  EU- 
tn&ttaire  de  Min&ralogie,  in  which  he  professes  to 
found  his  arrangement  on  the  electro-negative  element, 
and  on  Ampere's  circular  arrangement  of  elementary 
substances.  Such  schemes  exhibit  rather  a  play  of 
the  mere  logical  faculty,  exercising  itself  on  assumed 
principles,  than  any  attempt  at  the  real  interpretaUon 
of  nature.  Other  such  pure  chemical  systems  may 
have  been  published,  but  it  is  not  necessary  to  accu- 
mulate inistances.     I  proceed  to  consider  their  result. 
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i'Mt.  3- 


-Failure  of  the  AtUmplt  ai  SyaUmalie 


It  may  appear  presumptuous  to  speak  of  the  failure 
of  those  whom,  like  Berzolius  and  Mohs,  we  acknow- 
ledge as  our  masters,  at  a  period  whea,  probably,  they 
and  some  of  their  admireri  stilt  hold  them  to  hare 
BQCceeded  in  their  attempt  to  couetruct  a  consistent 
svstem.  But  I  conceive  that  my  office  as  an  historian 
requires  me  to  exhibit  the  fortunes  of  this  science  in 
the  most  distinct  form  of  which  they  admit,  and  that 
I  cannot  evade  the  duty  of  attempting  to  seize  the  true 
aspect  of  recent  occun-encea  in  the  world  of  science. 
Hence  1  venture  to  apeak  of  the  fiulure  of  both  the 
attempts  at  framing  a  pure  scientific  system  of  mine- 
ralogy, —  that  founded  on  the  chemical,  and  that 
founded  on  the  natural-history  principle;  because  it  is 
clear  that  they  have  not  obtained  that  which  alone  we 
could,  according  to  the  view*  here  presenteil,  consider 
as  success, — a  coincidence  of  each  with  the  other.  A 
Chemical  Myslera  of  arrangement,  which  should  bring 
together,  in  all  cases,  the  substances  which  com« 
nearest  each  other  in  external  properties; — a  Natural- 
history  System,  which  should  be  found  to  arrange 
bodies  in  complete  accordance  with  thetr  chemical 
conatitution : — if  such  systems  esisted,  they  might, 
with  justice,  claim  to  have  auoceeded.  Their  agree- 
ment would  be  their  verification.  The  interior  and 
the  exterior  system  are  the  ty]ie  and  the  antityi«,  and 
their  entire  correspondence  would  establish  the  mode 
of  interjiretation  beyond  doubt.  But  nothing  less 
tlian  this  will  satisfy  the  requisitions  of  science.  And 
when,  therefore,  the  chemical  and  the  nstural-histoiy 
»ystem,  though  evidently,  as  I  conceive,  tending  towards 
each  other,  are  still  lar  from  coming  together,  it  is 
impossible  to  allow  that  eitlier  method  haa  been  suc- 
cessful in  regard  to  its  proper  object. 

But  we  may,  I  think,  point  out  the  fallacy  of  the 
principles,  aa  well  as  the  imperfection  of  the  results, 
of  botii  of  those  methods.  With  regard  to  that  of 
Berzelius,  indeed,  the  histoi7  of  the  subject  obviously 
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eatimatu  the  value  of  the  characters  of  it  plant  by 
bearing  on  ita  functions, — by  their  pluc«  in  its  or^ 
zation.  In  an  uiiorganic  body,  the  chemical  ctmstita- 
tion  is  the  law  of  ita  being;  and  we  iihall  never  succeed 
in  framing  a  science  of  such  bodies  but  by  studiously 
directing  our  efforts  to  the  interpretation  of  that  law. 

On  these  grounds,  then,  I  conceive,  that  the  bold 
attempts  of  Mohs  and  of  Berzelius  to  give  new  forma 
to  mineralogy,  cannot  be  deemed  snecessfiil  in  the 
manner  in  which  their  authors  aspired  to  succeed. 
Neither  of  tliem  can  be  marked  as  a  permanent  refor- 
mation of  the  science.  I  shall  not  inquire  how  far 
they  have  been  aci;ept«d  by  men  of  science,  for  I  con- 
ceive that  their  greatest  effect  has  been  to  poiat  out 
improvements  which  might  be  made  in  mineralogy 
without  going  the  whole  length  either  of  the  jMtrs 
chemical,  or  of  the  pure  natural-history  system. 

Seel.  4. — Rdu/m  to  Mixed  Syaleaa  with  Improvemenis. 

In  spite  of  the  efforts  of  the  purists,  minemlogieU 
returned  to  mixed  systems  of  classificatiou :  but  these 
gyatems  are  much  better  than  they  were  before  such 
efforts  were  made. 

The  Second  System  of  Berzeliiis,  though  not  tenable 
in  its  rigorous  form,  approaches  fai-  nean-r  than  any  pre- 
vious system  to  aoomplete character,  bringing  together 
like  substances  in  a  large  portion  of  its  extent  The 
System  of  Mohs  also,  whether  or  not  uncouHciously 
swayed  by  chemical  doctrines,  forms  orders  which  have 
a  community  of  chemical  character;  thus,  the  mineralii 
of  the  order  ffaloide  are  salts  of  OKittes,  and  those  of 
the  order  fyritta  ore  sulphurela  of  metals.  Thus  the 
two  methods  appear  to  be  converging  to  a  common 
center;  and  though  we  are  unable  to  follow  either  of 
them  to  this  point  of  union,  we  may  learn  from  both  in 
what  direction  we  are  to  look  tor  it.  If  we  regard  the 
best  of  the  pure  systems  hitherto  devised  as  indica- 
tions of   the  nature   of  that   system,   [lerfect  both  as 

chemical  anil  as  a  natural -hiatoiy  system,  to  which 
complete  condition  of  mineruloj^ical  knowledge 
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may  lead  us,  we  may  obtain,  even  at  preaent,  a  tolerably 
good  approximation  to  a  complete  classification;  and 
Eiicb  a  one,  if  we  recollect  that  it  must  be  imperfect, 
and  is  to  be  held  aa  provisional  only,  may  bo  of  no 
small  value  and  uxe  to  us. 

The  best  of  the  mixed  systems  produced  by  this 
eampramise  again  comes  from  Freiberg,  and  was  pub- 
lished by  Profeasor  Naumann  in  1828.  Most  of  hia 
orders  bare  both  a  chemical  character  and  great  ex- 
ternal resemblances.  Thus  his  Ilaluidea,  divided  into 
UnmetaUie  and  MetedlU:,  and  these  again  into  Hydrima 
and  Anhydrous,  give  good  natural  groups.  The  moat 
difficult  minerals  to  arrange  in  all  systems  are  the 
nilieeous  ones.  These  M.  Naumann  calln  SUieidr^,  and 
subdivides  tlieni  into  Metallic,  UmnetaUie,  and  Ampho- 
lerie  or  mixed;  and  again,  into  Hydrmia  and  An- 
hydroiit.  Such  a  system  ia  at  leant  a  good  haaia  for 
future  researches;  and  this  is,  as  we  hnve  said,  all  that 
we  can  at  present  hope  for.  And  when  we  recollect 
that  the  natural-histoiy  principle  of  clasaifieation  has 
begun,  as  we  have  already  seen,  to  make  its  appearance 
in  our  treatises  of  chemistry,  we  cannot  doubt  that 
some  progress  is  making  towards  the  object  which  I 
have  pointed  out.  But  we  know  not  yet  how  fiir  wa 
are  from  the  end.  The  combination  of  chemical, 
cryBtailograiihical,  physical  and  optical  properties  into 
some  lofty  generalization,  is  probably  a  triumph 
reserved  tor  future  and  distant  years. 

CoTtdiitiott. — The  history  of  Mineralogy,  both  in  its 
successes  and  by  its  failures,  teaches  us  this  lesson ; — 
that  in  the  sciences  of  classificatioD,  the  establishment 
of  the  fixity  of  characters,  and  the  discovery  of  such 
characters  as  are  fixed,  are  steps  of  the  first  importance 
in  the  progress  of  these  sciences.  The  recollection  of 
this  maxim  may  aid  us  in  shaping  our  course  through 
the  history  of  other  sciences  of  this  kind;  in  which, 
from  the  extent  of  the  subject,  and  the  mass  of  litera- 
ture belonging  to  it,  we  miglit  at  first  almost  despair 
of  casting  the  history  into  distinct  epochs  and  periods. 
To  the  most  prominent  of  such  sciences,  Botany,  I  now 
proceed. 
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WE  now  arrive  at  that  study  which  offers  the  most 
copious  and  complete  example  of  the  sciences  of 
classification,  I  mean  Botany.  And  in  this  case,  we 
have  before  us  &  branch  of  knowledge  of  which  we 
may  any,  more  properly  than  of  any  of  tbe  sciences 
wliich  we  have  reviewed  since  Astronomy,  that  it  has 
been  constantly  advancing,  more  or  less  rapidly,  from 
the  infancy  of  the  human  race  to  the  present  day. 
One  of  the  reasons  of  this  i-esembtance  in  the  fortunes 
of  two  studies  so  widely  dissimilar,  is  to  be  found  in  & 
simplicity  of  principle  which  they  have  in  common ; 
the  ideas  of  Likeness  and  Difference,  on  which  the 
knowledge  of  plants  depends,  are,  like  the  ideas  of 
Space  and  Time,  which  are  the  foundation  of  astronomy, 
readily  apprehended  with  clearness  and  precision,  even 
without  any  peculiar  culture  of  the  intellect.  But 
another  reason  why,  in  the  history  of  Botany,  as  ia 
ttiAt  of  Astronomy,  the  jirogress  of  knowledge  forms 
n  unbroken  line  from  the  earliest  times,  is  precisely 
the  great  difference  of  the  kind  of  knowledge  which 
has  been  attained  in  the  two  cases.  In  Astronomy, 
the  discovery  of  general  truths  began  at  an  early 
p^od  of  civilization ;  in  BotanJ^,  it  has  hanlly  yet 
Mgan;  and  thus,  in  each  of  these  departments  of  study, 
the  lore  of  the  ancient  is  homogeneous  with  that  of  the 
modRm  times,  though  in  the  one  case  it  is  science,  in 
the  other,  the  absence  of  science,  which  per\-ftdes  all 
■gea.  The  resemblance  of  the  form  of  their  history 
arues  from  the  diversity  of  their  materials. 

I  shall  not  here  dwell  further  upon  this  subject,  but 
proceed  to  trace  rapidly  the  progress  of  Syiteauaic 
Botany,  as  the  classiticatory  science  is  usually  denomi- 
nated, when   it   is  requisite   to   distinguish  butwoexi 
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that  and  Physiological  Botan^r.  My  avn  imperfect 
acqnftinttiace  with  this  study  ftdmonjahes  roe  not  to 
venture  into  its  details,  further  than  my  purpose  abso- 
lutely requires.  I  trust  that,  ty  taking  my  views 
principaUy  iroio  writers  who  are  generaUy  allowed  to 
pomen  tbe  \>vnt  iusight  into  the  scieuce,  1  may  be  able 
to  draw  the  largor  feature-s  of  its  hist<jry  witli  tolerable 
correctness;  and  if  I  succeed  iu  this,  1  shall  attain  an 
object  of  great  impcatanoe  in  my  generaJ  a 
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CHAPTER  T. 
luAoiNARY  Knowledge  of  Plants, 


THE  appreliensioa  of  such  differences  and  i 
blances  as  those  hj  which  we  group  together 
discriminate  the  various  kinds  of  planta  and  a 
and  the  appropriation  of  words  to  mark  and  convey 
the  resulting  notions,  must  be  presupposed,  as  essential 
to  the  verj- beginning  of  human  knowledge.  In  what- 
ever manner  we  imagine  man  to  be  placed  on  the 
earth  hy  his  Creator,  these  processes  must  he  conceived 
to  be,  as  our  Scriptures  represent  them,  contempo- 
mneouE  with  the  first  exertion  of  reason,  and  the  first 
use  of  sywech.  If  we  were  to  indulge  ourselves  in 
framing  a  hypothetical  account  of  tbe  origin  of  lan- 
guage, we  should  probably  assume  as  the  first-formed 
words,  those  which  depend  ou  the  visible  likeness  or 
nnlikenesa  of  objects;  and  should  arrange  as  of  subse- 
quent formation,  those  terms  which  imply,  in  the 
miud,  acts  of  wider  combination  and  higher  abBtraction. 
At  any  rate,  it  is  certain  that  the  names  of  the  kinds 
of  vegetables  and  animals  are  very  abundant  even  in 
the  most  micivilized  stages  of  man's  cnrcer.  Thus  we 
are  informed'  tbat  the  jiUiabitants  of  New  Zealand 
have  a  distinct  name  of  every  tree  and  plant  in  their 
island,  of  which  there  are  sis  or  B«<von  hundred  or 
more  ditft;rent  kinds.  In  the  accounts  of  the  rudest 
tribes,  in  the  earliest  legends,  poetry,  ami  literature  of 
nations,  pines  and  oaks,  roses  and  violets,  the  olive 
and  the  vine,  and  the  thousand  other  productions  of 
the  earth,  have  a  place,  and  are  spoken  of  in  a  manner 
which  assumes,  that  in  such  kinds  of  natural  objects, 
permanent  and  infallible  distinctions  had  been  observed 
aud  universally  recognized. 

For  a  long  period,  it  was  not  suspected  that  any 
ambiguity  or  confuaioo  could  arise  from  the  use  of 
such  termsj  and  when  such  inconveniences  did  occur, 
(as  even  in  early  times  they  did,)  men  were  far  from 
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di^^ning  that  the  proper  remedy  was  the  construction 
of  a  Boieuce  of  clasaitication.  The  looae  and  inHecure 
terms  of  the  language  of  common  life  retained  their 
place  iu  botany,  loDg  after  their  Uefects  were  severely 
felt :  for  instance,  tlio  vagno  and  unaciontidc  distinction 
of  vegetables  iuto  traei,  ahrubt,  aud  herbs,  kept  ita 
ground  till  the  time  of  Linnteua. 

While  it  was  thus  imagined  that  the  identification 
of  a,  plant,  by  means  of  its  name,  might  properly  be 
trusted  to  the  common  uncultured  faculties  of  the  miud, 
and  to  what  we  may  call  the  instinct  of  language, 
all  the  attention  and  study  which  were  bestowed  ou 
such  objects,  were  naturally  employed  in  learning  and 
thinking  upon  such  circumstaucea  resjiecting  them 
as  were  supplied  by  any  of  the  common  channels 
through  which  knowledge  and  opinion  flow  iuto  men's 
minds. 

The  reader  need  hardly  be  reminded  that  in  tlia 
earlier  [leriods  of  man's  mental  culture,  he  acquire* 
those  opinions  on  which  he  loves  to  dwell,  not  by  the 
exercise  of  observatiou  sniiordiuate  to  reason;  but,  far 
more,  fay  hia  fancy  and  his  emotions,  his  love  of  the 
marvellous,  his  hopes  aud  fears.  It  cannot  siirpriie 
us,  therefore,  that  the  eai-liest  lore  concerning  pjanta 
which  we  discover  in  the  records  of  the  iwst,  coosiata 
of  m3^bological  legends,  marvellous  relations,  and 
extraordinary  medicinal  qualities.  To  the  lively  fant^ 
of  the  Greeks,  the  Narcissus,  which  bends  its  head 
over  the  stream,  was  originally  a  youth  who  in  mieh 
aa  attitude  became  enamoured  of  his  own  beauty;  tha 
hyacinth,'  on  whose  petals  the  notes  of  grief  were 
traced  (a  i,  a  i,)  recorded  the  sorrow  of  Apollo  for  the 
death  of  hia  favourite  Hyaciuthus :  the  beautiful  lotus 
of  India,^  which  floats  with  its  splendid  flower  on  the 
Buriaee  of  the  water,  is  the  chosen  seat  of  the  goddcai 
Lackshmi,  the  daughter  of  Ocean.*     In  ^E^yp^  * 
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U^ris  swam  on  a  lotus-leaf.  Rod  Harpocratea  was 
cruilled  in  ooe.  The  lotu»«iit«re  of  Homer  lost  im- 
luediately  their  lovo  of  home.  Every  one  knows  how 
easy  it  would  be  to  accomulate  such  tales  of  wonder  or 
religion. 

Those  who  attended  to  the  effects  of  plants,  might 
discover  in  them  some  medicinal  propertiea,  and  might 
easily  imagine  inorej  and  when  the  love  of  the  mar- 
rellous  was  added  to  the  hope  of  health,  it  ii  easy  to 
believe  that  men  would  be  very  creduloiia.  We  need 
not  dwell  upon  the  examples  of  thii.  In  Pliny's  Intro- 
duction to  that  book  of  his  Natural  History  which 
treats  of  the  medicinal  virtues  of  plants,  he  says,* 
*  Antiquity  was  so  much  struck  with  the  properties  of 
herbs,  that  it  affirmed  tilings  incredible.  XantbuB, 
the  biHtorian,  says,  that  a  man  killed  by  a  dragon,  will 
be  restored  to  Ufe  by  an  herb  which  he  calls  bnlin; 
and  that  Thylo,  when  killed  by  a  dragon,  was  recovered 
by  the  same  plant.  Democritua  aatterted,  and  Tbeo- 
phntstus  believed,  that  there  was  an  herb,  at  the  touch 
of  whieh,  the  wedge  which  the  woodman  had  driven 
into  a  tree  would  leap  out  again.  Though  we  cannot 
credit  these  Btorioe,  moat  jwreons  believe  that  almost 
anything  might  be  effected  by  means  of  herbs,  if  their 
rirtues  were  ftilly  known.'  How  lar  from  a  reasonable 
estimate  of  the  reality  of  such  virtues  were  the  jietBons 
w bo  entertained  this  belief,  we  may  judge  from  the 
many  superstitious  observances  which  they  associated 
with  the  gathering  and  using  of  medicinal  plants. 
Theophraatua  speaks  of  these:'  'The  drug-sellers  and 
the  rhiaJtomista  (root-cuttent)  tell  us,'  he  says,  'some 
things  which  may  be  true,  but  other  things  which  are 
merely  solemn  quaekery;*  thus,  they  direct  us  to  gather 
some  planta,  stunding  from  the  wind,  and  with  our 
bodies  anointed ;  some  by  night,  some  by  day,  some 
befure  the  sun  falb  on  them.  So  far  tliere  may  be 
something  in  their  rules.  But  others  are  too  fantastical 
and  far-fetched.     It  is,  perhaps,  not  absunl  to  use  a 
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CHAPTER  II. 
Ukstbteuatic  Knowledgb  of  Plants. 

A  STEP  was  mode  towarda  the  formation  of  the 
Science  of  Plants,  iklthough  undoubtedly  a  alight 
one,  tLS  soon  aa  men  began  to  colleat  infonnatiou 
concerning  them  and  their  properties,  from  a,  love 
and  reverence  for  knowledge,  independent  of  the  pas- 
sion for  the  marvellous  and  the  impnlflo  of  pnus^cal 
utility.  This  step  whb  very  early  made.  The  '  wis- 
dom '  of  Solomon,  and  the  admiration  which  was 
l>e.«towed  a[>on  it,  prove,  even  at  that  period,  such  a 
working  of  the  speculative  faculty :  and  we  are  told, 
that  »mong  other  eridenoea  of  his  being  '  wiser  than 
all  men,'  '  lie  spake  of  trees,  from  the  cedar-treo  that 
in  in  Lebanon  even  unto  the  hyssop  that  springeth  out 
of  the  wall.' '  The  father  of  history,  Herodotus,  shows 
un  that  n  taste  for  natural  histoiy  had,  in  his  time, 
found  a  place  in  the  minds  of  the  Oreeks.  In  spe&king 
of  the  luxuriant  vegetation  of  the  Babylonian  ptain,^ 
he  is  so  for  from  desiring  to  astonish  merely,  that  he 
says,  '  the  lilades  of  wheat  and  barley  are  full  four 
lingers  wide ;  but  as  to  the  size  of  the  trees  which 
grow  from  millet  and  sesame,  though  I  could  mention 
it,  I  will  not;  knowing  well  that  those  who  have  not 
been  in  that  country  will  hardly  believe  what  I  have 
enid  already."  He  then  proceeds  to  describe  some 
remarkable  circumstances  respecting  the  fertilization 
of  the  date-palms  in  Assyria. 

This  curious  and  active  spirit  of  the  Greeks  led 
rapidly,  aa  we  have  seen  in  other  instances,  to  attempts 
at  collecting  and  systematizing  knowledge  on  almost 
every  subject:  and  in  this,  as  in  almost  every  other 
depEurtmoot,  Aristotle  may  be  fixed  upon,  as  the 
representative  of  the  highest  stage  of  knowledge  and 
Bj-stem  which  they  ever  attained.  The  vegetable  king- 
dom, like  every  other  province  of  nature,  was  one  of 
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the  fields  of  the  iHboura  of  this  uuiveraal  pfailoBophff. 
But  though  his  other  works  on  natural  history  1mi« 
come  down  to  ua,  and  are  a  most  valuable  mouument 
of  the  state  of  such  knowledge  in  hia  time,  his  Treatise 
on  Plants  is  lost.  The  book  De  PlantU,  which  appein 
with  his  name,  is  an  imposture  of  the  middle  ogeo,  fiiQ 
of  errours  and  absurdities.^ 

Hia  disciple,  friend,  and  successor,  Theophraatoa  of 
Ei-esos,  is,  as  we  have  said  already,  the  first  great 
■writer  on  botany  whose  works  we  possess ;  and,  u 
may  be  said  in  most  cases  of  the  first  great  writer,  he 
offers  to  us  a  richer  store  of  genuine  knowledge  and 
good  sense  than  all  hia  successors.  Bnt  we  find  in  him 
that  the  Greeks  of  liia  time,  who  aspired,  as  we  have 
said,  to  collect  and  sygtematiztB.  body  of  information  on 
every  subject,  failed  in  one  half  of  their  object,  as  &r 
as  related  to  the  vegetable  world.  Their  attempts  at 
a  systematic  distribution  of  plants  were  altogeiher 
futile.  Altliough  Aristotle's  divisions  of  tlie  onima] 
kingdom  are,  even  at  this  day,  looked  upon  with  admi- 
ration by  the  best  naturalists,  the  arrangements  and 
comparisona  of  plaiitu  which  were  contrived  by  Hieo- 
phrastiis  and  his  successors,  have  not  left  the  ^ighteri 
trace  in  the  modem  foi-m  of  the  science  ;  and,  there- 
fore, according  to  our  plan,  are  of  no  importance  in 
our  history.  And  thus  we  can  treat  all  the  miscel- 
laneous information  concerning  vegetables  which  wu 
accumulated  by  the  whole  of  this  school  of  writes,  in 
no  other  way  than  a£  something  antecedent  to  the 
first  progress  towards  systematic  knowledge. 

The  information  thus  collected  by  the  uuaystaoatie 
writers  is  of  VBrioos  kinds ;  and  relates  to  the  eco- 
nomical and  medicinal  uses  of  plants,  their  haliitB, 
mode  of  cultivation,  and  many  other  circumstanoea : 
it  frequently  includes  some  description ;  but  this  ii 
always  extremely  imperfect,  because  the  essential  oon- 
ditious  of  description  had  not  been  discovered.  Of 
works  composed  of  materials  so  heterogeneous,  it  csu 
be  of  little  use  to  produce  specimens;    but  I  may 
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qnoto  R  few  words  from  Tlieopliraatiis,  wliieli  may 
serve  to  raiunect  Lint  with  the  future  history  of  the 
science,  ss  beariug  upon  one  of  the  many  proiilems 
respecting  the  iitentiScatiou  of  aucieut  and  modem 
plant^i.  It  hfti  heea  made  a  qiteation  whether  the 
foUowia^  descrijition  does  not  refer  to  the  potato.*  He 
ta  sptMicing  of  the  dLffAences  of  roota  ;  '  Some  roots,' 
he  aays,  'are  still  different  from  those  which  have 
been  dascribed ;  aa  that  of  the  arachidna  "  plant :  fur 
this  bears  fruit  under-gmuiid  aa  well  as  above :  the 
fleshy  [>art  send*  one  thick  root  deep  into  ttie  ground, 
but  the  others,  which  bear  the  Irviit,  are  more  slender 
and  higher  up,  and  ramified.  It  loves  a  sandy  soil,  and 
has  no  leaf  wh&tover.' 

The  Iiooka  of  Aristotle  and  Theoplirasttis  soon  took 
the  place  of  the  Book  of  Nature  in  the  aitention  of  the 
degenerate  philosiipLers  who  succeeded  them.  A  story 
is  told  by  Sti-abo"  concerning  the  (ate  of  the  works  of 
these  greut  natumJiata.  Id  the  case  of  the  wars  and 
changex  which  occun'ed  among  the  Buccesaurs  of 
Alentorler,  the  heira  of  Theophrastua  ti'ied  to  secure 
to  themselves  hia  books,  and  those  of  hia  master,  by 
burying  them  in  the  ground.  There  tlie  manuscripta 
BU^red  much  from  damp  and  worms ;  till  A]x>llo- 
nicon,  a  book-oollector  of  thoM  days,  purchused  them, 
and  attempted,  in  his  own  way,  to  supjily  whut  time 
had  obliterateiL  When  Sylla  marched  the  Koman 
troops  into  Athens,  he  took  possession  of  the  library 
of  A.JH>1  Ion  icon  ^  and  the  works  which  it  contained 
were  soon  circulated  among  the  learned  of  Rome  and 
A-leiondria,  who  were  thus  enabled  to  ArisloteUae''  on 
botany  as  on  other  subjecta. 

The  library  oolleoted  by  the  Attalio  kings  of  Per- 
gamus,  and  the  Alexandrian  Aluaeum,  founded  and 
Eiip|K>rt<!d  by  the  Ptolemies  of  Egypt,  i-ather  fostered 
the  commentatorial  apirit  than  promoted  the  increase 
of  any  real  knowledge  of  uature.   The  Romana,  in  this 
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extraordinary  store  of  bnoi^ 
unwilliug  was  he  to  hove  hU  n 
interrupted,  tliat,  eveu  befoti 
and  from  liia  litter  as  lie  trw 
dictate  to  his  amftnnenBia,  wbv. 
his  hand  from  the  Dumbness  wj 
by  the  use  of  gloves.* 

It  Las  been  ingeniously  obaa 
traces  in  the  botanical  part  of  ; 
the  erroura  whiuh  this  hurriw 
Btudy  produced;  and  that  he 
have  had  books  read  to  him  an 
amiss.  I"  Thus,  among  several 
phrastua  having  said  that  the 
rare,"  Pliny,  niiaJed  by  the  li 
word  (spanian,  i-are),  says  that  i 
and  Sjiain.'^  His  work  ban,  wit 
called  the  Encyclopeedia  of  Am 
there  are  few  portions  of  the  k 
which  it  does  not  refer.  Of  tbe 
which  it  conaista,  no  less  than  ^ 
to  the  twenty-seventh)  i-elate  to 
Uon  which  is  collected  in  these 
tuiscellaDeous  kind;  and  the  a«t 
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distiDctior,  tmth  and  orroiir,  useful  koowled^  and 
tbeurd  fables.  The  decl&matory  Bt3*le,  and  the  com- 
preheBsi*'«  and  lo^y  tone  of  thought  which  we  have 
tlraady  spoken  of  as  characteriBtic  of  the  Roman 
wrilera,  »re  peculiarly  observiible  in  him.  The 
msuner  of  his  dt'ath  is  well  known :  it  was  occasioned 
by  the  eruption  of  Vesuvius,  a,d.  79,  to  which,  in  his 
eurioaity,  lie  ventured  so  near  as  to  be  suDbcated. 

Pliny's  work  acquired  an  almost  uuliniited  autho- 
rity, Bfl  one  of  the  standards  uf  botanical  knowledge,  in 
the  middle  ages  ;  but  even  more  thaa  hia,  that  of  hia 
rnutemporary,  Fedaniua  Dioscoridea,  of  Anazarbiis  in 
Cilicia.  This  work,  written  in  Greek,  is  held  by  the 
best  judges'^  to  offer  no  evidence  that  the  anthor 
cbjtervedfor  himself  Yet  he  says  expressly  in  his  Pre- 
bo^  that  hia  love  of  natural  history,  and  his  military 
life,  have  led  him  into  many  countries,  in  which  he  has 
had  opjMi-tunity  to  become  acquainted  with  the  iiatunt 
of  herbs  and  trees.'*  He  epeaks  of  six  hundred  plants, 
hut  often  indicates  only  their  names  and  properties, 
giving  no  deaoription  by  wldch  they  can  be  identified. 
The  main  cnuse  of  his  great  reputation  in  subseqUfnt 
times  was.  that  he  says  much  of  the  medicinal  virtues 
of  vegetables. 

We  come  now  to  the  ages  of  darkness  nnd  lethargy, 
when  the  habit  of  original  thought  apcms  to  die  away, 
as  the  talent  of  original  observation  Jiad  done  befora 
Commentators  and  mystics  succueil  to  the  philosophical 
iiaturalists  of  better  times.  And  though  a  new  race, 
altogether  distinct  in  blued  and  character  from  the 
Greek,  appropriates  to  itself  the  stores  of  Grecian 
learning,  this  movement  does  not,  as  might  be  ex- 
pected, break  the  chains  of  literary  slavery.  The 
Arabs  bring,  to  the  cultivation  of  the  science  of  the 
Greeks,  their  own  oriental  habit  of  submisBion,  their 
oriental  love  of  wonder;  and  thus,  while  they  swell 
the  herd  of  commentators  and  mystics,  they  produce 
so  philosopher. 
~     Tet  the  Arabs  discharged  an  important  function  in 


^m    Yet  the  Arab: 
^^^      ■■  Xirbtl.  Jlo. 
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of  the  Christiaii  world  were  i 
where  they  formed  the  Cha 
oelobnited  Nwtcrian  school  ( 
many  offiieta  from  this  in  vai 
the  fifth  century,  Hibas,  Cum 
the  wriiingA  of  A.ristotle  inti 
Nc-stori)tus  puid  an  especial 
medicine,  and  were  the  most 
works  of  the  Greek  physiini 
Khtifiintnn.  tliey  became  an  g 
who  diatrihuted  acadeiiiiua] 
public  diapiitatiotiH.  The  caii 
tame  and  the  wisdom  of  tha 
Eummoncd  soino  of  them  to  Bi 
for  the  fuundution  of  a  school 
The  value  of  the  Bkill,  the  leal 
the  XeatorianR,  was  so  stroif 
allowed  by  the  Mohammediuil 
Christian  religion,  and  intnw 
the  stiidiea  of  those  of  the  Hc 
was  most  cared  for.  The  >j 
Anibic  languages  maile  the  | 
tioiy.  The  NestortanK  tnunl 
Biicientd  out  of  the  former  if 
Im       Hull    III!   ilill  ftmaii 
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and  Cordova  in  the  west.  After  some  tJrae,  the  Mo- 
liumnieJaiiB  tlietiiselves  began  to  translnte  and  extract 
fn>rii  their  Syriac  sources;  Hnd  at  leugtli  to  %¥rite 
vforks  of  their  ovrn.  And  thus  arose  vast  librarits, 
each  na  that  of  Cordova,  which  contained  350,000 
Tolumes. 

The  Nestoriana  are  stated  "  to  have  first  entiiTilished 
MDOng  the  Arahs  those  collections  of  medicijml  sub- 
BMncts  (ApolMca:),  from  which  our  term  AjtatUecary 
i*  t&kon;  (md  to  htive  writtea  boaks  {Dispengatoriit) 
contAJDiog  sj^teniatic  instnictioiis  for  the  I'luplojinent 
of  these  ine'licaiueiit»;  a  wool  wliich  long  continued 
to  he  Bpplied  ia  the  same  Bense,  and  which  we  also 
retuiii,  thongh  in  a  modified  iip|ilicitticin  {Dltpenartfy). 

The  directors  of  tliese  culluctiona  were  siipjiosed  to 
be  intiniately  acquainted  with  plants;  and  yet,  in 
truth,  the  knowledge  of  plants  owed  but  little  bi 
them  ;  for  the  Arabic  Dioscoridea  was  the  source  and 
slaurUrd  of  their  knowledge.  The  flourishing  com' 
inerce  of  the  Arabians,  their  numerous  and  distant 
ioumeTs,  Uiade  them,  no  doubt,  practically  acquainted 
with  the  prodnctiou?  of  lands  unknown  to  the  Qrceks 
and  Rotuana.  Their  Nestorian  teachei^  hud  entabliahed 
Chmtiauity  even  as  far  na  China  tind  Mslabar;  and 
iheir  travellers  mention '' the  camphor  of  Sumatra, 
I  lie  aloe-wood  of  Socntra  near  Java,  the  tea  of  Ctiiim. 
But  they  never  Itarued  the  art  of  converting  their 
practical  into  fipeculative  knowledge,  They  treat  of 
|>liij]ts  only  in  ai>  far  as  their  use  in  medicine  ia  con- 
cunied,'*  and  fi>llowpd  Dioscorides  in  the  description, 
and  even  in  the  order  of  the  plants,  except  when  they 
arrange  them  according  to  the  Arabic  al|ihabet.  With 
little  clearness  of  view,  they  often  mistake  what  they 
read:  "  thus  when  DioBcorides  says  that  liipislKon 
grows  on  the  Apennine,  a  mountain  not  far  from  the 
Alpt;  Avicenna,  misled  by  a  resembkncu  of  the 
Arabic  letters,  quotes  him  as  saying  that  the  plant 
L  Slows  ou  AkabU,  a  mountain  near  Egypt, 

■  "•  PpTMlE*'.  !■ 
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Where  the  subject  of  i 
&  staiiil,  it  is  unprofitable  I 
!rhe  Ai-iibiaiiH,  Hnmll  as  th 
inatruot  the  Christifuis. 
lat«(l  by  learned  Europe 
Scot,  and  Constautine  of  ^ 
had  lived  forty  years  amoi 
died  A.D.  1087.  Among  1 
Griidlbug,  whieh  contains  ti 
In  the  thirteenth  centnry  M 
of  AlbertiiH  Magniia,  and  of 
these  contain  do  DAtural  his 
fiibles.  Even  the  ancient  w 
verted  and  dLsfigured.  Th^ 
aj^  varied  materially  froin 
and  adventurers  travelled 
little  increased.  Simon  ati 
in  the  fourteenth  centuiy.W 
the  'Eeai  in  order  to  collect  J 
Scmationis^  sayn  a  modem  D 
cover  no  trace  of  an  acqu^' 
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' irseoe  in  their  gennine  form,  were  gnultially  dispelling 
the  tnteiWtiukl  cloiitU  of  the  midJIe  ages,  yet  (liii-ing 
i)ie  Ijl'ieuutli  ocutury,  botany  makt'))  no  ftfigirouch  to  a 
--  U'utitic  furin.  The  gfaator  part  of  the  literature  of 
'.^lis  subject  consiutuil  of  Hi^'baU,  all  of  which  wi?re 
j'lL'iiied  on  tlu:  jsame  plaa,  a.ud  appeared  under  titles 
(-iich  as  Martua,  or  Orliu  Sanitalit.  There  are,  for 
eiomiite,  three^  such  GermiUi  Herlials,  with  wood- 
cuts, which  date  about  1490.  But  hd  imjiortant  pccn- 
liarily  in  these  works  is,  that  they  coatain  auine  indi- 
;.-i^uoiL3  s|>ccies  placed  side  by  side  with  the  old  oneR. 
)q  1516,  7'/>«  GrOe  Herbal  was  published  in  England, 
nloo  with  woodcuts.  It  contains  an  account  of  more 
lliaa  four  hnndred  vegetables,  and  their  products;  of 
which  one  hundred  and  tiHy  are  English,  and  are  no 
viiy  distinguished  from  the  exolica  by  the  mode  in 
which  thfiy  are  inserted  in  the  work. 

Wo  sliill  iee,  in  the  next  Chapter,  that  when  the 
intellect  of  Europe  began  really  to  ap|ily  itself  to  the 
oisert-ation  of  imture,  the  progress  towarila  genuine 
Acionoe  soon  birgan  to  be  vii^ible,  in  this  as  in  other 
subjects;  but  before  this  tendency  could  opei-ate  freely, 
the  hixtory  of  iMtany  waa  destined  to  show,  in  another 
iiiBtauc«,  hr>w  much  more  grateful  to  luau,  even  when 
rouattd  to  intelligence  and  activity,  is  the  study  of  tra- 
dition than  the  study  of  nature.  When  the  scholars 
of  Euro{>e  had  become  acquainted  with  the  genuine 
works  of  the  ancients  in  the  original  languages,  the 
(ileasure  and  aduiiration  which  they  felt,  led  them  to 
the  moKt  leatous  endeavours  to  illustrate  and  apply 
wbat  they  read.  They  fell  into  the  errour  of  sup- 
posing that  the  plants  described  by  ITieophmfltnK, 
Dioscorides,  Pliny,  must  be  those  which  grew  in  their 
own  fields.  And  thus  Ruellius,^  a  French  jihysrician, 
who  only  travelletl  in  the  environs  of  Paris  and  in 
Pieardy,  imagined  that  he  found  there  the  plants  of 

Caiul  Qreecc     The  originators  of  genuine  botany 
tnnany,  Brunfels  and  Tragus  (Bock),  coramitt^ 
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the  Bame  mietake;  and  hence  arose  the  mimyijtlicatiHi 
of  classical  immes  to  manj  genera.  The  labours  n( 
many  other  learned  men  tuok  the  Name  directiuD,  of 
treating  the  ancient  writers  as  if  they  alone  were  the 
sources  of  knowledge  and  truth. 

But  the  philoaophical  spirit  of  Europe  was  alrtadj 
too  vigorouK  to  ojJow  this  superstitious  erudition  to 
exercise  a  lasting  sway.  Leonioenua,  who  taught  at 
Ffjrrara  till  he  was  almost  a  hundred  jettrs  old,  tsd 
died  in  I524,''''  disputed,  with  great  freedom,  the 
authority  of  the  Arabian  writers,  and  oven  cf  Pliny. 
He  saw,  and  showed  by  many  examples,  how  little 
Pliny  himself  knew  of  nature,  and  how  many  crmun 
he  had  made  or  transmitted.  The  same  in<lt^ieBdi9ii!e 
of  thought  with  regard  to  other  ancient  writers,  «■! 
manifested  by  other  Hcholars.  Yet  the  power  irf 
ancient  authority  melted  nway  but  gradually.  Tbua 
AutoniuB  Brasaavoia,  who  eetubli^hed  on  the  hanke  of 
the  Fo  the  fii-st  botanicHl  garden  of  modern  timeii 
published  in  1536,  his  Exarnfn  omnium  Siinpl'tivm 
MedieameTttorutn ;  and,  as  Cuvier  eays,-^  though  he 
studied  plants  in  nature,  hia  br>ok  (written  in  the 
Platonic  form  of  dialogue,)  has  still  the  charaoter  of  a 
commentary  on  the  ancients. 

The  Oennans  ap[)ear  to  have  been  the  first  to  libe- 
rate themselves  froni  this  thraldom,  and  to  publish 
works  founded  mainly  on  actual  observation.  The 
first  of  the  botnnisto  who  had  this  great  merit  is  Otho 
Sruniela  of  Mentx,  whose  work,  Heib"rttm  Viva 
leones,  appeared  in  ij^so.  It  consiHts  uf  two  viilumea 
in  folio,  with  wood-cub<;  and  in  1533,  a  German  edi- 
tion was  piiblishod  The  plauls  which  it  containii  are 
given  without  any  arraugemeut,  and  thus  he  belong* 
to  the  period  of  unsystematic  knowiedj»e.  Tet  the 
progress  towards  the  formation  of  a  system  manifested 
itself  so  immediately  in  the  series  of  German  botanisla 
to  which  he  belongs,  that  we  might  with  almost  equal 
propriety  transfer  him  to  the  hiitoty  of  that  progresa; 
tti  which  we  now  proceed. 

■■  Sprcngcl,  1.  111.  II  BM.  dn  Sc.  Xat.  parlle  IL^ 
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CHAPTER  IIL 

System   of  Arrakgement  op 

Pl-ASTS. 


SecL  I. — Prdade  to  Ute  Epoch  0/ Ccetalpttni*. 

rPHE  arrangpnient  of  plants  in  the  (^rlit-st  works 
J.  waa  eitlier  arbitrary,  or  according  to  tlieir  use,  or 
some  cither  extraneous  circumtitaiice,  sm  in  Pliny.  This, 
and  die  divinoD  of  vegetablca  by  Dioscorides  into 
aramalie,  aHmentairy,  medicinal,  vivoug,  in.  as  will  be 
lasily  seen,  a  merely  casual  distribution.  The  Arabian 
writern,  and  tbose  of  tlie  middle  agea,  showed  etill 
more  clearly  their  inseniiliility  to  the  nature  of  syBtem, 
by  adapting  an  ajihabetical  arrangt>ment ;  whioli  waa 
emjiloyed  altio  in  the  Herbals  of  the  sixteenth  century. 
Bninfels,  as  we  have  aaid,  adojited  no  principle  of 
order:  nor  did  \m  Bucce^sur,  Fnchs,  Yet  the  latter 
writer  urged  his  countrymen  to  put  aside  their  Arabian 
and  barbarous  Latin  doctors,  and  to  observe  the  vege- 
table kingdom  for  tbemi<elve« ;  and  he  himself  set  the 
example  of  doing  this,  exaiDined  planta  with  leal  and 
^^^ouracy,  and  made  above  fifteen  hundred  drawiugH  of 

^^■cFhe  difficulty  of  representing  planta  in  any  u.scful 
^^H^  by  meatiB  of  drawing  is  gi'mti^v.  perhajis,  tlian  it 
^^ft  first  appears,  bo  long  as  no  diBtiuctir)u  whh  made 
of  the  importance  of  dilferint  organs  of  the  plant,  a 
picture  representing  meicly  the  obvious  geneial  ap- 
[•earance  and  lurger  partM,  was  of  com {:& rati vely  Bmnll 
valua  Hcnoe  we  are  not  to  wonder  at  the  slighting 
manner  iu  which  Pliny  speaks  of  such  recojtls.  '  Those 
who  gave  such  pictures  of  plants,'  he  says,  '  Crateuas, 
^ionyiiiuM,  Metroiloriis,  liave  shown  nothing  clearly, 
Kpt  the  difficulty  of  their  undertaking.     A  picture 

i*  mOarlq  aUif^m  Ktt  pabSttui  al  BuLlla  iS^. 
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may  be  miataken,  and  is  changed  and  disfigured  hf 
copyists;  and,  without  these  imperfL-ctions,  it  is  not 
enough  to  represent  the  plant  in  one  xtate,  since  it  hsi 
four  different  oHiJecta  in  the  four  seasoiiB  of  the  year.' 

The  diffuHion  of  the  habit  of  exact  drawing,  espe- 
cially among  tlie  countrymen  of  Albert  Durer  and 
Lucas  Cranach,  and  the  invention  of  wood-cuts  and 
copper-platea,  renjedied  some  of  these  defvcta.  Moi*- 
over,  the  conviction  gradnally  arose  in  men's  mini 
that  the  sti-uoture  of  the  flower  and  the  fruit  stre  tlis 
most  important  cireumstances  in  fixing  the  identit^of 
the  jtlant.  Theophrastus  speaks  with  preciiuon  of  t^ 
organs  which  he  describes,  but  these  are  prinoipallj 
the  leaves,  roots,  and  stems,  Fiicha  uses  the  tern 
apical  for  the  anthers,  snd  glama  for  the  blossom  of 
grasses,  thus  showing  that  he  had  noticed  these  jiarU 
as  generally  present. 

In  the  next  writer  whom  we  have  to  mention,  w« 
find  some  traces  of  a  percq)tiou  of  tlie  real  reseiublanew 
of  plants  beginning  to  appear.  It  is  impossible  to 
explain  the  prugreas  of  such  views  without  assuming 
in  the  reader  some  acquaintance  with  plants;  but  t, 
very  few  words  may  suffice  to  convey,  the  requitdte 
notions.  Even  in  the  plants  which  most  commonly 
come  in  our  way,  we  may  perceive  instances  of  tlM 
resemblances  ofwhlch  we  speak.  ThusMint,  Marjoram, 
Basil,  Sage,  Lavender,  Thyme,  Dead-nettle,  and  many 
other  plants,  have  a  tubular  flower,  of  which  the  mouth 
is  divided  into  two  lijis;  hence  they  are  formed  into  a 
fiimily,  and  termed  LaiiiiUce.  Again,  the  Stock,  the 
Wall-dower,  the  Mustard,  the  Cress,  the  Laily-smock, 
the  tihepherd's-purse,  have,  among  other  similariiieii, 
their  blossoms  with  four  petals  arranged  crosswise; 
these  are  all  of  the  order  Cruci/ero!.  Other  Sowen, 
a|)i>arently  moi'e  complex,  still  reseuible  each  other,  aa 
Daisy,  Marigold,  Aster,  and  Chamomile;  theae  belong 
to  the  order  Compoitita:  And  thongh  the  members  of 
each  such  &,niily  may  differ  widely  in  their  larger  parts, 
their  stems  and  leaves,  the  close  study  of  nature  leads 
the  botanist  irresistibly  to  consider  their  resemblances 
as  occupying  a  far  more  important  pUce  than  their 
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diSerencm.  It  is  the  geoenil  eatablisliment  of  this 
ooDviclioa  and  its  consequences  whicli  we  have  now  to 
follow. 

The  first  writer  in  whom  we  find  the  trAccs  of  an 
ansugeiut^ut  tlejjeudiug  tij«in  these  natunil  reaem- 
UNiCf«,  is  HieronyiiiHS  TMgus,  (Jcrura  Bock,)  a 
laborious  Ocnnan  botanist,  who,  in  1551,  published  a 
herbal.  In  this  work,  several  of  the  vpeciea  included 
in  thoHe  naturid  families  to  which  we  hiive  alluded,* 
■■  fbr  instance,  the  LabiatK,  the  Cnicifcrte,  the  Ooni- 
poaitje,  are  for  the  most  part  brought  together ;  and 
time,  although  with  many  TuiBUken  as  to  aunh  con- 
nexions, a  new  principle  of  order  is  introduced  into 
the  suViJt'ct. 

In  (iiirHuiiig  the  develojiement  of  euoh  principles  of 
natural  ordrr,  it  in  Decestary  to  recallei;t  that  the 
principles  lead  to  an  assemblage  of  divisions  and 
grotijis,  Biiccessively  BubordinHte,  the  lower  to  tho 
higher,  like  the  brigiidt«,  regiments,  and  companies 
of  »n  army,  or  the  provinces,  town?!,  and  parisliea  of 
a  kingdom.  Species  are  included  in  timero,  Genera 
in  FHinilies  or  Orders,  and  Ord.!^  in  Classes.  The 
p^rceptiuu  that  there  is  some  coDni'Xion  among  the 
spi»^i.'8  of  plants  watt  the  first  essential  step;  the 
detection  of  diff>:reut  marks  and  characters  which 
should  give,  on  the  one  hand,  limited  groups,  on  the 
other,  corHprehenaive  divisions,  were  other  highly- 
important  parta  of  this  advance.  To  point  out  every 
sueoeesivu  movement  in  this  ]irogreas  would  be  a  task 
of  extreme  difficulty,  but  we  may  nota,  us  the  roost 
prominent  portions  of  it,  the  eat&blishniont  of  the 
groups  which  irninediately  include  Species,  that  is,  the 
fvrriMlion  0/  Genira;  and  the  invention  of  a  method 
whiob  should  distribute  into  consistent  and  distinct 
Envisions  the  whole  vegetable  kingdom,  that  ia,  (As 

Wt  To  the  second  of  thfse  two  steps  we  have  no  diffi- 

^Cnlty  in  a»«igning  its  proper  author.     It  belongs  to 

Ciesalpiniu,  and  marks  the  first  great  epoch  of  this 
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HcieDce.  It  is  less  easy  to  state  to  what  botanist  ia 
due  the  eatahlisliment  of  Geuera ;  yet  we  may  jiutlj 
assign  thu  greater  part  of  the  merit  of  this  invention, 
as  ia  usually  done,  to  Conrad  Gussner  of  Zurich.  This 
emintiiit  natamliHt,  after  piiblishiug  liis  great  work  on 
aaimnlE,  died^  of  the  plague  in  1565,  at  the  age  of 
forty-nine, while hewas  prujiaring  to  publiali  a  Hisloiy 
of  Plants,  a  sequel  to  Lis  History  of  Auimals.  The 
fate  of  the  woik  thus  left  unfinished  was  rcinarknhle. 
It  fell  into  the  hands  of  his  pupil,  G«spard  Wolf,  who 
was  to  have  publtslied  it,  hut  wanting  leisure  for  the 
ottioe,  sold  it  to  Joaehini  Camerariux,  a  physician  and 
botanist  of  Nurumlierg,  who  made  use  of  the  engraviaga 
]irepared  by  Gessuer,  in  an  Epitome  which  he  pub- 
lished in  1586.  The  text  of  Gessner's  work,  aftw 
passing  tijrongh  various  hands,  wiw  jmbllshed  iu  1754 
under  the  title  of  Gesaneri  Opera  Solanica  per  duo 
Sffciila  desidrriUa,  rfrc,  but  is  very  incomplete. 

The  imperfect  state  in  which  Gessner  left  hif 
botanical  laboui-s  makes  it  necessary  to  seek  the  evi- 
dence of  his  iieculiar  views  in  scattered  passages  of  his 
corre-spondencG  and  other  works.  One  of  his  great 
merits  was,  that  he  saw  the  peculiar  importance  of 
the  flower  and  fruit  as  affording  the  chnracters  by 
which  the  affinities  of  plants  were  to  be  deteottKl;  and 
that  he  urged  this  I'iew  ui>on  his  contemj.oruriea.  Hit 
plates  jiresent  to  us,  hy  the  side  of  each  plant,  its 
flower  and  its  fruit,  carefully  engraved.  And  in  his 
communications  with  Iiis  bot«ni(»l  corresjiondenta,  ho 
repeatedly  insists  on  these  parts.  Thtis*  iu  1565  he 
writes  to  Zuinger  concerning  some  foreign  planta 
which  the  latt«r  possessed :  '  Tell  mo  if  your  plant* 
have  fruit  and  flower,  as  well  as  stalk  and  leavea,  for 
those  are  of  much  the  greater  oouaeqnence.  By  these 
three  marks,— flower,  fruit,  and  seed, — I  find  that 
Paxifragii  and  Cousolida  Regal  is  are  related  to 
Aoonit«.'  These  chHracters,  derived  from  tin.'  fructifi- 
cation (iia  the  assenibtage  of  flower  and  fruit  is  called), 
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i  by  which  genera  are  establisliixl,  ami 
hence,  by  the  b«st  botatiiHtu,  tiessner  la  declared  lu  be 
Uie  inventor  of  genera.' 

The  tiiboiirs  of  Ueasner  in  botany,  both  on  account 
of  tbe  iiiitinLshod  state  in  whicli  he  left  tlie  ^iiplication 
of  his  principles,  and  on  account  of  the  absfnce  of  any 
principles  manifeally  applicable  to  tbo  whole  extent  of 
the  vegetable  kingdom,  can  only  be  considered  as  a 
prelude  to  the  epoch  in  which  those  defects  were 
supplied.     To  that  epoch  wc  now  proceed. 

Sect.  3. — Epoch  of  Ciatidpimis. — Formation  of  a 
System  of  Arrangement. 

If  any  one  were  disposed  to  question  whether  Ifatural 
History  tnily  belongs  to  the  domain  of  Inductive 
Science; — whether  it  is  to  be  prosecuted  by  the  same 
methods,  and  requires  the  same  endowments  of  mind 
as  those  which  lead  to  the  successful  cultivation  of  the 
Fliysioal  Sciences, — the  circumstances  under  which 
BotMiy  has  made  its  advance  appear  fitted  to  remove 
such  doubts.  The  first  decided  step  in  this  study  woa 
merely  the  construction  of  a.  olassificution  of  its  suh- 
jecta.  Wo  shall,  I  trust,  be  able  to  sliow  that  such 
ft  cltmsitication  includes,  in  reality,  the  eiitablishment 
of  one  general  principle,  and  leads  to  more.  But 
fttUiout  here  dwelling  on  this  point,  it  is  worth  notice 
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tel  ex   Eplitolls  ^ni  poi- 
cl  Tabutii  pvr  CiLnncn- 
(    pfnidit;— du-i     nempe    et   rlnm  ediiU." 

tliu-M  spedM  com-  Cgiler  ujt  (niH.  He*  Be.  A'nI. 
It  cliueM  qu»  mulM  i'p<,p.  i«j>.  ifter  ipetliliigiolbe 
P'nert.  ViHu  iliim  olmica  no-  iimc  tika,  •  II  flt  voir  Bi«>re  qnc 
Iui-kIo  cxpnwit.  ChiiTBCtcr"!!)  Id  loute>  lo  pliitei  qui  oui  dtt  Ilcurs 
Bore  inquc  lemine  pwalt.  Aa —  et  du  fruiia  Kmblablu*  »  k%- 
JtoHitol/lo  Sodo  Epft*.  tVolr.  p.  39.  >cniblFOt  par  leu»  iiulrei  furmii. 
Llnnciu.  Gmera  Planlariim,  el  fouTfut  iiiui  pnr  liuri  pru- 
PrTf.nlli.  ■ArniitiBMtiooepUntM  prliil**.  etque  qiiiDdDO  rapproebo 
rilKbnKuere  In  gMi*r».  InllnlU  •■■   ce>  pliintp*  oo  oWli'nl  alnd  una 
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that  the  person  to  whom  we  owe  tliis  clamificatim, 
Andresa  Csesaljuiiua  of  Areizo,  was  one  of  the  roost 
philoaophicttl  men  of  his  time,  prwfoundly  skilled  in 
the  Aristotelian  lore  which  wsa  then  esteemed,  jiA 
gifted  with  coiirojiie  luid  sn^^ocitj  which  enabled  him  to 
weigh  the  value  of  the  Peripatetio  doctrines,  to  reject 
whnt  seemtid  crroiir,  and  to  look  onwrtrda  to  a  better 
])hilo80phy.  '  How  are  we  to  underatanil,'  he  inquires, 
'  that  we  must  proceed  from  uuiver-Mila  to  particulBra 
(as  Arifttotle  directs),  when  particulars  are  better 
known  1'*  Yet  he  treats  the  Master  with  deference, 
and,  as  has  heea  observed,^  we  see  in  faie  gnat 
botanical  work  deep  traces  of  the  best  features  of  the 
Aristotelian  school,  logic  and  method;  and,  indeed,  in 
this  work  he  frequently  refers  to  his  Qvirstione*  Pet^ 
patetiea.  His  book,  entitled  De  Planlia  libri  xvi.  ap- 
peared at  Florence  in  1583.  The  aspect  vindrr  whidl 
ilia  task  presented  itiielf  to  his  mind  appeare  to  me  to 
possess  BO  much  interest,  that  I  will  transcribe  a  few  of 
his  reflections.  Alter  speaking  of  the  Hpleudid  multi' 
plicity  of  the  pi'oducfjons  of  nature,  and  the  confusioa 
which  has  hitheilo  prevailed  among  writers  on  plants, 
the  growing  treasures  of  the  botanical  world ;  he  adds,' 
'  In  this  immense  multitude  of  plants,  I  see  that  want 
which  is  most  felt  in  any  other  unordered  crowd:  if 
Euch  an  assemblage  be  not  arranged  into  brigades  like 
an  army,  all  must  be  tumult  and  fluctuation.  And 
this  accordingly  happens  in  the  treatment  of  plants: 
for  the  mind  is  overwhelmed  by  the  confused  accumu- 
lation of  things,  and  thus  arise  endless  mistake  and 
angry  altercation.'  He  then  states  his  general  view, 
which,  as  we  shall  see,  was  adopted  by  bis  Huccevsora. 
'  Since  all  tciene«  ctmaiaU  in  the  eolUction  of  similat, 
and  the  dietinelion  0/  dissimilar  things,  and  since  the 
consequence  of  this  is  a  distribution  into  genera  and 
species,  which  are  to  be  natm-al  classes  governed  hj 
real  differences,  I  have  attempted  to  execute  this  ta^ 
in  the  whole  range  of  plants;. — ut  si  quid  pro  iiigenii 
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nuitate  iu  hujasmodi  studio  profecerim,  nd  com- 
m  utlliCatem  jiroferam.'  We  see  here  how  clearly 
ims  for  hiniMlf  the  credit  of  being  tlie  first  to 
te  tliia  task  of  arraDgement. 
ler  certaiu  preparatory  apeculations,  he  says,' 
OS  now  endeavour  to  mark  the  kinds  of  plante  by 
iial  cii-cuDietuices  in  the  fi'UL'titicittiou.'  He  then 
F«s,  *  Iu  the  constitution  of  orgaijs  three  things 
iftinly  important — the  number,  tlie  position,  the 
'.'  And  he  then  proceeds  to  exemplify  this: 
e  have  under  one  flower,  one  eeetl,  bo  Amygdala, 
E  Mtd-receplactt,  as  Rosa;  or  TWO  tetdi,  as  /Vn*- 
.  or  TWO  aeed-rectplacla,  as  Na»turtmvi:  or  three, 
)/Tithymaluiii  kind  hare  tukee  tetiU,  the  Bvlhi^ 
JtREli  recfptaeUt;  or  four,  an  MamUiintit,  Fotm 
^JHler  FolR  Tt^eptaclea ;  or  more,  as  Cicoracete, 
jjaoMOCMB  have  moke  teeib,  finjta.  more  receptaclea.' 
piU  be  observed  that  we  have  here  ten  olaasRB 
'out  by  nieans  of  number  alone,  added  to  the 
tflrfttioQ  of  whether  t)ie  seed  la  alouo  in  its  cover- 
a  cherry,  or  contained  in  a  receptacle  with 
crs,  sji  in  a  berry,  i>od,  or  capsule,  Several 
I  divisioua  are,  however,  fui-tlier  subdivided 
iog  to  other  circumstances,  and  especially  nccord- 
the  vital  part  of  the  seed,  which  lie  called  the 
{eor"'),  is  situated  in  the  upper  or  lower  part  of 
r  object  here  is  only  to  indicate  the 
tple  of  the  method  of  desalpinus,  I  need  not 
IF  dwell  on  the  dc tails,  aud  still  less  on  the  defnota 
ich  it  ia  disfigured,  as,  for  instance,  the  reteutioa 
\  old  distinction  of  Xi-ees,  Shrubs,  and  Herbs. 

B  persons  it  may  appcsr  that  this  arliitrary 
(ution  of  the  vegetable  kingdom,  according  to 
Lumber  of  parts  of  a  particular  kind,  cannot 
e  to  be  spoken  of  as  a  great  discovery.  And  if, 
1,  the  distribution  had  btien  arbitrary,  this  would 
1  true;  the  real  merit  of  this  and  of  every 
I  system  ia,  that  while  it  is  artificial  in  its  fonn,  it 
|ural  in  its  results.     The  plants  wliich  are  ai 
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ciateil  by  tlie  nrrangement  of  Ciesalpinus,  are  tliOM 
wliioli  have  tiie  closeal  resumbknucs  in  the  most  easeo- 
tiaJ  poiuta.  Thus,  ua  Linnceiia  saya,  though  the  tint 
ia  attiempting  to  form  nntural  orders,  he  observed  U 
many  as  the  most  BUcceBgfuI  of  Uter  writers,  Tboi 
luB  Legumina'^  correspond  to  the  natural  order  ieju- 
Tninotee;  hia  genua  Fatdacewm^-  to  the  UnJtdtala; 
hia  Bulbacea:^^  to  LUiitoea;  hia  ArUhemidee^*  to  the 
Composita  ;  in  like  manner,  the  Boraginfte  are  brotight 
toijether,"  and  the  Labiettie.  That  such  aKsembli^ 
are  produced  by  the  ap])lication  of  hia  principles,  is  ■ 
sufficient  evidence  that  they  have  their  foundation  m 
the  general  laws  of  the  vegetable  world.  If  this  ioA 
nob  been  the  case,  the  mere  application  of  number  or 
£g;ure  alone  aa  a  standard  of  arrangement,  would  hxte 
produced  only  intolerable  anomalies.  Tf,  fur  instance, 
Cce^pinus  had  arranged  plants  by  the  number  of 
flowera  on  the  Hums  stulk,  he  woidd  have  eepantted 
iudividuala  of  the  same  species;  if  he  bail  ilistributed 
them  according  to  the  number  of  leaflets  which  com- 
pose the  leaven,  he  would  have  had  to  place  far  asunder 
different  species  of  the  same  genus.  Or,  as  he  himself 
gays,^'  '  If  we- make  one  genus  of  those  which  ha^-o  ■ 
ronnd  root,  as  Rapum,  Aristolochia,  Cyclaminiia,  Aton, 
we  shall  separate  from  this  genus  those  which  most 
agree  with  it,  as  Napum  and  Raphanum,  which  re- 
semble Rapum,  and  the  long  Aristolochia,  wliioh 
rescniblos  the  round;  while  we  aliall  join  tlie  most 
remote  kinds,  for  the  nature  of  Cyclamimis  and  Rapum 
is  altogether  diverse  in  all  other  respects.  Or  if  ve 
attend  to  the  differences  of  .litalk,  so  ae  to  make  one 
genus  of  those  whicb  have  a  naked  stalk,  as  the  Junct, 
CiepB,  Aphac^,  along  with  Cicoraces,  Violie,  we  shall 
still  connect  the  most  unlike  things,  and  disjoin  the 
closest  affinities.  And  if  we  note  the  differences  of 
leaves,  or  even  newel's,  we  fall  into  the  same  difficulty; 
fur  mfuiy  plants  very  diffei'ent  in  kind  hiwe  Icavos 
very  similar,  as  Polygonum  and  Hypericum,  Ernes 


'  Ub.  1.  cip.  xll.  p.  il. 


AEEANGEMENT  OP   PLANTS. 


341 


Knd  Seflamois,  Apium  and  Ranunculus;  and  plants  of 
the  8Kme  genua  have  souietiiaes  very  different  leavea, 
as  tite  several  species  of  Ranunciilua  and  of  Ltuituco. 
Nor  will  colour  or  shape  of  the  dowers  help  ub  better; 
for  what  has  Vitia  ia  common  with  CEnanche,  except 
the  resemlilance  of  the  flowerl'  He  then  goes  on  to 
Bay,  that  if  we  seek  a  too  close  coiucideDce  of  all  the 
characters  we  shall  have  no  Species :  and  thus  shows 
us  that  he  had  clearly  before  his  view  the  difficulty 
which  he  bad  to  attack,  and  which  it  ia  his  glory  to 
hare  overcome,  that  of  constructing  Natural  Orders. 

Bat  as  the  principles  of  Ccesalpiuus  are  justified,  on 
the  one  haud,  by  their  leading  to  Natural  Orders,  they 
are  recommended  on  the  other  by  their  producing  a 
System  which  applies  through  the  whole  extent  of  the 
vegetable  kingdom.  The  jiarts  trom  which  he  takes 
his  characters  must  occur  in  all  flowcritig-plauta,  for 
all  Btich  plants  have  seeds.  And  these  seeds,  if  not 
Yery  numerous  for  each  flower,  will  be  of  a  certain 
definite  number  and  orderly  dii'tribution.  And  tliUB 
every  plant  will  fall  into  one  part  or  other  of  the  same 

It  is  not  difficult  to  point  out,  in  this  induction  of 
Cteaalpiuus,  the  two  elements  which  we  have  so  often 
declared  must  occur  in  all  inductive  processes ;  the  exact 
acquaintance  with ,^ict«,  and  the  general  and  applicable 
idea*  by  which  these  facts  are  brought  together.  Ca:sal- 
piuus  was  no  mere  dealer  in  intellectual  relations  or 
leftmed  traditions,  but  a  laborious  and  persevering  col- 
lector of  plants  and  of  botanical  knowledge.  '  For  many 
years,'  he  says  in  his  Dedication, '  I  have  been  pursuing 
my  reaearchcH  in  various  regions,  habitually  visiting  the 
places  in  which  grew  the  various  kinds  of  herbs,  HJirubs, 
and  trees;  I  have  been  assiated  by  the  labours  of  many 
friends,  and  by  gardens  established  for  the  pnblio 
benefit,  and  containing  foreign  plants  collecCe<l  fi'om 
the  most  remote  regions.'  He  here  refers  to  the  firat 
guTdea  directed  to  the  public  study  of  Botany,  which 
waa  that  of  Pisa,^^  instituted  in  1543,  by  order  of  the 
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Grand  Dake  Cosmo  tlio  First.  The  mftDagement  of  it 
was  conGiled  first  to  Luuaa  Gluni,  aud  afterwards  io 
Giesalpinus.  He  had  collected  also  a  berbarium  « 
dried  plants,  which  he  calls  the  ruiliment  of  hi»  work. 
*  Tibi  eniiu,"  he  says,  in  his  dediaition  to  Francu 
Medici,  Grand  Duke  of  Etruria,  '  apiid  quern  eitM 
«JUB  rudiineiktitin  ex  plautis  libro  agglutiDatis  a  in« 
ccmposituni.'  And,  thi'onglioiit,  he  apcaha  with  the 
iiioMt  familiar  and  vivid  acquaintance  of  the  1 
T^etablea  which  he  dcacribea. 

But  CFeaa1|>inU!i  also  possessed  fixed  and  general 
views  concerning  the  relation  and  functions  of  tbe 
parts  of  plants,  and  ideas  of  symnietiy  aud  eystem; 
without  which,  as  we  see  in  other  botauists  of  his  and 
succeeding  times,  the  mdre  accumulation  of  a  know- 
ledge of  details  does  not  lead  to  any  adv&noo  b 
smeneB.  We  have  already  mentioned  his  refereaoe  to 
general  philosophical  principles,  both  of  the  Peripatetacs 
and  of  his  own.  The  first  twelve  chapters  of  his  work 
are  emjiloyed  in  expliuning  the  general  structure  of 
planta,  aud  especially  that  point  to  which  he  justly 
attaches  so  much  importance,  the  results  of  the  diffe- 
rent situation  of  the  cof  or  eorculum  of  the  seed.  He 
Bhows'"  that  if  we  tate  the  root,  or  stem,  or  leaves,  or 
blossom,  as  our  guide  in  classification,  we  sliall  eeparate 
plants  obviously  alike,  aud  approximate  those  which 
have  merely  miperficial  resemblances.  And  thus  we 
see  that  he  had  in  his  mind  ideaa  of  £xed  resemblance 
and  syinniotrieal  distribution,  which  he  sedulously 
endeavonred  to  apply  to  planta ;  while  hia  acquaintance 
with  the  vegetable  kingdom  enabled  him  to  see  in 
what  manner  those  ideas  were  not,  and  in  what  maimer 
they  were,  I'eally  applicable. 

The  great  merit  and  originaUty  of  CsBalpinus  have 
been  generally  allowed,  by  the  best  of  the  more  modera 
writers  on  Uotnny.  LinnKus  calls  him  one  of  the 
founders  of  the  science;  'Primus  veruBsyHtematiEua;"'* 
and,  as  if  nut  satisfied  with  the  expression  of  his 
admiration  in  prose,  hangs  a  poetical  garland  <ul.j1 
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and  Eiroiltii  language  of  praise  has  been  applied  to  him 
by  llie  best  botanists  np  to  Cuvier,-"  who  justly  tBmis 
his  book  'a  iTork  of  genius.' 

Perhaps  (he  great  advaace  made  in  this  science  by 
Cxsolpuius,  ia  most  strongly  shown  by  this ;  that  no 
one  ^peared,  to  follow  the  path  which  he  had  opened 
to  system  and  syinaietiy,  for  nearly  a  century.  More- 
over, when  the  progres§  of  this  branch  of  knowledge 
was  reHiimed,  his  next  successor,  Morisoa,  did  not 
choose  to  acknowledge  that  he  had  borrowed  bo  much 
from  BO  old  a  writer;  and  thus,  hardly  mentions  his 
name,  although  he  takes  advantage  of  his  labours,  and 
even  tranacribes  his  words  without  acknowledgment, 
as  I  shall  show.  The  pause  between  the  great  inven- 
tion of  Ctesalpinns,  and  its  natural  sequel,  the  develope- 
tnent  and  improvement  of  his  method,  is  so  marked, 
thiLt  I  will,  in  order  to  avoid  too  great  an  intemiptinn 
of  chronological  order,  record  some  of  its  circmnstances 

fk  sepATBte  section. 
Sect.  3. — Slationary  Interval. 

The  method  of  Cesalpinus  was  not,  at  first,  generally 
adopted.  It  had,  indeed,  some  disadvantages.  Employed 
in  drawing  the  boundary -lines  of  the  larger  divisions  of 
the  vegetable  kingdom,  he  had  omitted  those  smaller 
groups.  Genera,  which  were  both  most  obvious  to 
common  botanists,  and  most  convenient  in  the  descrip- 
tion and  comparison  of  plants.  lie  had  also  neglected 
to  give  the  Synonyms  of  other  authors  for  the  plants 
spoken  of  by  him;  an  appendage  to  botanical  descrip- 
tions, which  the  increase  of  botanical  information  and 
ifptanical  books  had  now  rendered  indispensable.  And 
t  happened,  that  a  work,  which  must  always  be 
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coDeidered  as  forming  a  great  epoch  in  tbe  Bdenoe  te 
wliich  it  refers,  was  probably  little  read,  and  in  a  aliort 
time  could  be  treated  as  if  it  were  quite  forgotten. 

In  the  mean  time,  the  science  was  graduallj  im- 
proved in  its  details.  ClusiitH,  or  Charles  de  I'EcliiK 
first  taught  botani^ta  to  describe  well.  '  Before  him,' 
says  Mirbel,-'  '  tbo  descriptions  were  diffuse,  obscnre, 
indistinct ;  or  else  concise,  incomplete,  vague,  Cluidiii 
introduoed  exactitude,  precision,  neatness,  elegance, 
method:  he  says  nothing  superfluous;  be  omits  nothiag 
necessary.'  He  traveJled  over  great  part  of  Europe, 
and  published  various  works  on  the  more  rare  of  the 
plants  which  he  had  seen.  Among  such  plants,  we 
may  note  one  now  well  knowu,  the  ])otato;  which  ht 
describes  as  being  commonly  used  in  Italy  in  isSfi;" 
thus  throwing  doubt,  at  least,  on  the  opinion  which 
ascribes  the  Hrst  introduction  of  it  into  Europe  to  8it 
Walter  Raleigh,  on  his  return  from  Virginia,  about 
the  same  period.  As  serving  to  illustrate,  both  this 
point,  and  the  desoriptive  style  of  Clusius,  I  qnotc^  in 
a  note,  his  description  of  the  flower  of  this  plant.** 

The  addition  cf  exotic  F'pecies  to  the  number  of 
known  plants  was  indeed  going  on  rapidly  during  tbe 
interral  which  we  are  now  considering.  Francis  Her- 
nandez, a  Spaniard,  who  visited  America  towards  th< 
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n  Phylel.  Fre.  p.  US.  »ad  that  Ibe;  call  it  7 

9  CluAU.  Exulk.  It.  b.  5i.  p.  The  name /■oroln  «u.  In  Eoglud, 

lixli.  prevloutl]'  appllrd  to   tb>  BwMt 

3  ■  Papa*   Pdnianonim.      Ara-  Potato  (OmKj(FB(M6o(<a«),ithl«ll 

chldoa,    rhpopli.    torte.      Fiona  wai  tlie  mnmni  l-olato,  indialitw- 

clvKitntM,    undaTii    ■mpliludinh  lion  to  the  CirvJnfon  Potato,  at  th) 

■  ut    majom.  anfculofl.  sInKUlarl  lime  of  Gerordl  Hrrbal.  (linn 

fallo  conitiDlci.  acd  ila  conpU-  Grranl'f  flgumof  both  rIanMlM 

MIo    nt    qnlDque    folia    dlscreM  oopM  fyom  lhaKorCln>iii*, 

videanlur.colorl)  exterioi  e\  pur.  It  may  be  lecn  by  the  dMcrlp- 

pura  oandieantli.  interina  pDrpn-  tlon  of  Aracbldna,  alreadf  qoottd 

tUMnUi,  ridlltiiDlnqu*  berbiceig  Fraia  Theophratius.  (above,)  that 

CKumUUcailellBlDMarprodeun-  tlien  l>  lllile  plaailbllllr  in  Ga- 

tibiu,  et  loildem  ttamlnlbni  flarit  ■iui'iconjMiureurthe  plant  banf 

In  umbonem  coeDntlbui.'  known   to  the  ancicnta.     1  nnd 

Iip  riyi  Ihal  (he  lUllans  do  not  not  inforni  Ihc  bolanlit  that  IU> 

know  whence  they  bad  the  plant,  opinion  ii  untenable. 
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find  of  the  Bixteeuth  century,  collected  and  described 
many  planta  of  that  couiitiy,  aome  of  which  were 
afterwards  published  by  Recchi.'-^  Barnabas  Cobo, 
who  went  as  a  miBsionnry  to  America  iu  1596,  also 
described  planto.^  Tlie  Dutch,  among  other  BSer- 
tiona  which  they  made  in  their  struggle  with  the 
tyranny  of  Spain,  sent  out  an  expedition  which,  for  a 
time,  conquered  the  Brazils ;  and  among  other  fruits 
of  this  conquest,  they  published  an  account  of  the 
natural  hixtory  of  the  country.-^  To  avoid  interrupt- 
ing the  connexion  of  such  labours,  I  will  here  carry 
them  on  a  little  further  in  the  order  of  time.  FaiU 
Ilenoan,  of  Halle,  in  Saxony,  went  to  the  Cape  of 
Good  Hope  and  to  Ceylon }  and  on  bis  return,  asto- 
nished the  botanists  or  Europe  by  the  vast  quantity  of 
remarkable  plants  which  he  introduced  to  their  know- 
ledge.'^ Eheede,  the  Dutch  governor  of  JIakljar, 
ordered  descriptions  and  drawings  to  be  made  of  many 
curious  species,  which  were  published  in  a  large  work 
in  twelve  folio  vohimbs.'^  Rum]>he,  another  Dutch 
consul  at  Amboyaa.''*  laboured  with  zeal  and  success 
npon  the  plants  of  the  Moluccas.  Some  species  which 
occur  in  Madagascar  figured  iu  a  description  of  that 
island  composed  by  the  French  Commandant  Flacourl^ 
Shortly  iJterwards,  Engelbert  Ksmpfer,^'  a  West- 
phalian  of  great  acquirements  and  undaunted  courage, 
visited  Persia,  Arabia  Feliic,  the  Mogul  Empire,  Ceylon, 
Bengal,  Sumatra,  Java,  Siam,  Jajian ;  Wheler  travelled 
in  Greece  and  Asia  Minor;  and  Sherard,  the  English 
consul,  publisiied  an  account  of  the   plants  of  the 

■  Wighbonrhood  of  Smyrna. 

hV  At  the  eame  time,  the  New  World  excited  also  the 

~   "  Abm  Planlitrum  Regni  Mai-        ^  Hortm  Malabanci,!,  ifijo— 
(DIri  BlMloria.  Hoio.  i65i.  fol.  170). 

^  Sprengcl,  Oat*,  drr  Bataiiik,       *■  Herbartam  JnhiliiniK.  Am- 
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curiosity  of  botanists,  Hmis  Sloane  oollccted  the 
plants  of  Jamaica^  John  Banister  tliose  of  Virginin; 
'William  Vernon,  also  an  Englishman,  and  David 
Eriega,  a  Sajcon,  those  of  Maryland ;  two  Freoclimei^ 
Burian  and  Father  Plumier,  those  of  Saint  Domingo. 

We  may  add  that  public  botanical  gardens  were 
about  this  time  established  all  over  Europe.  We  have 
already  noticed  the  institution  of  that  of  Pisa  in  1543; 
the  second  was  that  of  Fadua  in  1 545 ;  the  next,  ibat 
of  Florence  in  1556;  the  fnurth,  that  of  Bologn>, 
1568;  that  of  Rome,  in  the  Vatican,  dates  also  from 
1568. 

The  first  transalpine  garden  of  this  kind  arose  at 
Leydeu  in  1577;  that  of  Leipic  in  1580.  Henry  tha 
Fourth  of  France  established  one  at  Mont|)ellier  in 
1597'  Several  others  were  instituted  in  Germany; 
but  that  of  Paris  did  not  begin  to  exist  till  1 626 ;  that 
of  U]isal,  afterwards  so  celebrated,  took  its  riw  in. 
i^57i  that  of  Amsterdam  in  1684.  Morison,  whom 
we  shall  soon  have  to  mention,  calls  himself,  in  t68o, 
the  fii-st  Director  of  the  Botanical  Garden  at  Oxford. 

[2nd  Ed.]  [To  what  is  above  said  of  Botanical 
Oai'dens  and  Botanical  Writem,  between  the  times  of 
C»salpiun.<i  and  Morison,  I  may  add  a  few  circnm- 
Btances.  The  ivnt  academical  garden  in  France  was 
that  at  Mouti>ellier,  which  was  established  by  Pet«t 
Richier  de  Belleval,  at  the  end  of  the  sixteenth  cen- 
tury. About  the  same  period,  rare  flowere  were  cul- 
tivated at  Paris,  and  pictures  of  them  made,  lu  order 
to  supply  the  embroiderers  of  the  court-robes  with 
new  patterns.  Thus  figures  of  the  most  beantiful 
Sowers  in  the  garden  of  Petei;  Robins  were  published 
by  the  court-embroiderer  Peter  Vallet,  in  1608,  under 
the  title  of  Le  Jardin  du  Jloi  Henry  IV.  But  Rohina' 
works  were  of  great  service  to  )>otany;  and  his  gnnlen 
assisted  the  studies  of  Renealmus  (Paul  Reneaulnie), 
whose  Specinuin  HiMorias  FlatUarum  {Paris,  1611,)  is 
highly  tipoken  of  by  the  best  botanists.  Recently, 
Mr,  Robert  Brown  has  named  after  him  a  new  genua 
of  IridetB  (BBjiEALMiA) ;  adding,  '  Dixi  in  memoriam 
Fauli  Rehealmi,  botanici  sui  tevi  accura^tissimi,  atqne 
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sUminnm  primi  scmtatoris;  qui  non  modo  eonim 
niiDienuii  ot  sitiiiii,  sed  etiain  filaiaeiitorum  propor- 
tioDQin  p;ifsim  deHcripsit,  et  characterera.  tetraiiyna- 
micum  eili(|uOHarDin  perapexit.  {Prodromal  Florm  -VtrtYB 
HfMandia,  p.  448.) 

The  oldest  BoUnical  G&rden  in  England  ia  that  at 
Hampton  Cciurt,  fonnded  by  Queen  Elizabeth,  and 
nin«h  enriched  by  Charles  II.  and  William  III. 
(Sprengel,  Gadi.  d.  Bot.  vol.  ii  p.  96.)] 

In  the  meaii  time,  although  there  ajipewed  no  new 
BTstem  which  comniaudtd  the  attention  of  the  bota- 
nical woi'ld,  the  feeling  of  the  impovtance  of  thu 
affinities  of  plants  became  continually  more  strong  and 
diatijicL 

Lobel,  who  was  botanist  to  James  the  Fir^t,  and 
who  published  his  Slirpiuni  Adversaria  Nova  in  1^71, 
brings  together  the  natural  families  of  plants  more 
distinctly  tlian  his  predecessors,  and  even  distinguishes 
(as  Cuvier  slates,"^)  monocotyledonoiis  from  dicotyle- 
doaouK  plants;  uneof  theniuxt  ootnprehentiive  division' 
Uue«  of  botany,  of  which  succeeding  times  discovered 
the  value  mure  completely.  Fabius  Cohimna,^  in 
1616,  gave  figures  of  the  fructification  of  plants  on 
cnpfrer,  aa  Oeuuer  had  before  done  on  wood.  Bnt  the 
eider  Bauhin  (John),  notwithstanding  all  that  Cienal- 
piuua  had  done,  retrograded,  iu  a  worfc  published  in 
1619,  into  the  less  precise  and  acieutitio  distinctions  of 
— trees  with  nut«;  with  berries;  with  acorns;  with 
pods;  creeping  plants,  goui-ds,  Ac:  and  no  claar  pro- 
gress towards  a  system  was  anywhere  viaible  among 
the  authors  of  this  period. 

While  thii)  continued  to  he  the  case,  and  while  the 
materials,  thus  destitute  of  order,  went  on  Rocumulat- 
iug,  it  was  inevitable  that  the  evils  which  CeaaljiinuB 
h^  endeavoured  to  reme^ly,  should  become  mor^and 
more  grievous,  'The  nomenclature  of  the  subject^ 
wHjt  in  such  disorder,  it  was  so  impossible  to  deter- 
miiie  with  certainty  the  phinta  spoken  of  by  preceding 
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writers,  that  thirty  or  forty  different  botanista  bid 
given  to  the  some  plant  almost  as  many  difTtrent 
uanifiH.  BauhiD  called  by  one  appellation,  a  spoNM 
■which  Lobel  or  Matthioli  designated  by  another. 
There  was  an  actual  chaos,  a  univerHid  confusion,  in 
which  it  was  impossible  for  men  to  find  tlieir  vay.' 
We  can  the  better  understand  Buch  a  state  of  things, 
from  having,  in  our  own  time,  seen  another  claanfi- 
catory  science,  Mineralogy,  in  the  very  condition  thu* 
deacrtbed.  For  such  a  state  of  confusion  there  ii  DO 
remedy  but  the  eatabliahment  of  a  true  system  of  eUs- 
sification;  which  by  its  real  foundation,  I'endera  a 
reason  for  the  place  of  cacb  species ;  and  whicli  by  tlie 
fixity  of  its  classes,  affords  a  basis  for  a  standsid 
nomenclature,  as  finally  took  place  in  ISotany.  But 
before  such  a  remedy  is  obtained,  men  naturally  try 
to  alleviate  the  evil  by  tabulating  the  synonyms  of 
different  writers,  as  far  as  they  are  able  to  do  ka  The 
task  of  constructing  such  a  Hynotiifmy  of  botany  at  the 
period  of  which  we  speak,  was  undertaken  by  Gaspard 
Bauhin,  the  brother  of  John,  but  nineteen  years 
younger.  This  work,  the  Finax  Th^alri  Bolanki, 
was  printed  at  Satil  in  1623.  It  was  a  useful  under- 
taking at  the  time ;  but  the  want  of  any  genuine  order 
iu  the  finax  itiielf,  renilered  it  impassible  that  it 
should  be  of  great  permanent  utility. 

After  this  period,  tlie  progress  of  almost  all  the 
sciences  hecnme  languid  for  a  while;  and  one  r«ason 
of  this  interruptiou  was,  the  wars  and  troubles  which 
prevailed  over  almost  the  whole  of  Europe.  The 
quarrels  of  Charles  the  First  and  his  parliament,  th» 
civil  wars  and  the  usurpation,  in  England;  in  Prance, 
the  war  of  the  League,  the  stormy  reign  of  Henry  the 
Fourth,  the  civil  wars  of  the  minority  of  Lonis  the 
Thirteenth,  the  war  against  the  Protestants  and  the 
war  of  the  Fronde,  in  the  minority  of  Louis  the  Foui^ 
teenth  ;  the  bloody  and  destructive  Thirty  Years'  War 
in  Germany ;  the  war  of  Spain  with  the  United  Pro- 
vinces and  with  Portugal ; — all  these  dire  agitations 
left  men  neither  leisure  nor  disposition  to  direct  their 
best  thoughts  to  the  promotion  of  science.     The  baser 
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>  brutalized ;  the  better  were  occupied  by 
high  practical  aims  and  struggles  of  their  moral  nature. 
Amid  Buah  stortiia,  the  iotelleotual  powers  of  man 
could  not  work  with  their  due  calmnesa,  Dor  his  intel- 
lectual objects  shine  with  their  proper  lustre. 

At  length  a  period  of  greater  tranquillity  gleamed 
forth,  aud  the  sciences  soon  expanded  in  the  sunshine. 
Botany  vas  not  inert  amid  this  activity,  and  rapidly 
advanced  in  a  new  direction,  that  of  physiology;  but 
before  we  speak  of  this  portion  of  our  mibject,  we  must 
complete  whut  we  have  to  aay  of  it  as  a  classificiitory 
science. 

^k&  4. — Se^ui  to  the  Epoch  0/ CrFm!i»nu».     Further 
^P^Vrmation  and  Adoption  of  Sy»lei>uUic  AmingeinetU. 

8ooir  after  the  period  of  which  we  now  sjieak,  that  of 
the  restoration  of  the  Stuarte  to  the  throne  of  England, 
systematic  arrangenients  of  plants  np])eared  in  great 
numbers;  and  in  a  manner  such  as  tu  show  that  the 
minda  of  botanists  had  gradually  been  ripening  for 
this  improvement,  through  the  influence  of  preceding 
writers, and  the growingacquaintance  with  plants.  The 
person  whose  name  is  usually  placed  first  on  this  list, 
Kobert  Morison,  appears  to  me  to  be  much  less  ineri- 
toi-ious  than  many  of  those  who  published  very  shortly 
after  him ;  but  I  will  give  hiia  the  precedence  in  my 
narrative.  He  was  a  Scotchman,  who  was  wounded 
fighting  on  the  royalist  side  in  the  civil  wars  of  Eug- 
laud.  On  the  triumph  of  the  republicans,  he  with- 
drew to  France,  when  he  became  director  of  the 
garden  of  Gaston,  Duke  of  Orleans,  at  Elois ;  and 
there  he  came  under  the  notice  of  our  Charles  the 
Second;  who,  on  his  restoration,  snmmoned  Morisoa 
to  Englnnd,  where  he  became  Su|)eiiutendent  of  the 
£oyal  Gardens,  and  also  of  the  Botanic  Garden  at 
Oxford.  In  1669,  he  publislied  Remark*  on  the 
MittoAes  0/  ike  two  Savking,  in  which  he  proves  that 
many  plants  in  the  Piiiax  are  erroneously  placed,  and 
shows  considerable  talent  for  appreciating  natural 
families    and    genera.      His  great    Bystematic  wotk 
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appeared  from  the  University  [iress  at  Oxford  in 
1680.  ,  It  conUiua  a  Bystem,  but  a  system,  Cuvier 
says,?'  whialt  approachea  rather  to  a.  natural  method 
than  to  a  rigoroua  diatributioa,  like  that  of  his  pra- 
ducessor  Cwsalpjaus,  or  that  of  liis  sucaeesor  Bay. 
Thus  the  lierhaceoua. plants  are  dtvi'led  iitto  dimbert, 
teymmnoug,  gUiquoat,  unicapgtdar,  bicapadar,  trxeap- 
ndoT,  qvadncapealar,  quviujnKapgvlar ;  thia  division 
being  combined  with  ohantctera  derived  ft-om  the 
number  of  petals.  But  along  with  these  nnmtfricd 
elements,  are  introduced  others  of  a  loose  aii<l  hetero- 
geueoua  kind,  for  instance,  tlie  classification  of  herbs  aa 
laetetcent  and  emollient.  It  lb  not  uui'easonable  to  say, 
that  such  u  scheme  allows  no  t«leBt  for  constructing  a 
complete  system  1  and  that  the  moRt  distinct  part  gf 
it,  that  dejieiideut  od  the  fruit,  was  probably  borrowed 
from  Ciesaipiniis.  That  this  is  so,  wr<have,  I  think, 
strong  proof;  foi'  though  Morison  nowhere,  I  believe, 
mentions  Cxisalpinus,  except  in  one  place  in  a  loose 
enumeration  of  botanical  writers,**  ho  must  have  made 
considerable  use  of  his  work.  For  he  has  introduced 
into  his  own  prefaci;  a  passage  copied  literally*^  from 
the  dudicatioii  of  Csesalpinus ;  which  paKsage  wo  have 
already  quoted  (p.  338,)  beginning,  'Since  alt  science 
consists  in  the  collection  of  similir,  and  tlie  distinc- 
tion of  dissimilar  things.'  And  that  the  mention 
of  the  original  is  not  omitted  by  accident,  appuara 
from  this;  that  Alorison  appropriatiat  also  the- conalo- 
sioa  of  the  passage,  which  has  a  pentonal  referenos, 
'  CuruUiit  SUM,  id  prasatare  in  univ«r»a  pUtrUarvtn  Aw- 
toria,  iii  n  /pad  pro  iaffenii  foei  ten«iliUe  in  hiijuitmodi 
studio  profecBrim,  ad  commuaem  uiUitaUm  profemm.' 
That  Morison,  thus,  at  so  long  an  interval  tUler  the 
publicatiim  of  the  work  of  Cssaljiinus,  borrowed  from 
him  without  acknowledgment,  and  ado})ted  his  system 
so  aH  to  mutilate  it,  proves  that  he  had  neither  the 
temper  nor  the  talent  of  a  discoverer;  and  justiSes  us 
withholding  from   him.  the  credit  which  belongs  to 
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bo,  iu  his  time,  resumed  the  great  unOcrtakiug 
ructing  a  vegetiible  system. 
og  tbose  whose  efibrta  in  this  wtiy  hu<I  the 
1  and  eariiesC  iiiflueoco,  wns  undoubtedly  our 
^(Ui,  John  Ehj,  who  was  Fellow  of  Trinity  Col- 
mbntlg^  at  tilt)  Raine  time  with  I^aac  Newton. 
High  Cuvier  etates'^'*  tliat  Ray  wns  the  model  of 
teinalists  during  the  whole  of  the  eighleeuth 
^thc  Genniuit  claim  a  part  of  his  merit  for  one 
f  cciunlrymeii,  Joiushiiu  Jung,  of  Lubeck,  pro- 
tt  Hamburg.'*  Concerning  the  principles  of 
•niat,  little  was  known  during  his  life.  But  a 
lipt  of  his  book  wus  commiiDicated^^  to  Kay  in 
hd  from  this  time  forwards,  says  Sprenget,  there 
|e  noticed  in  the  writings  of  Englishmen,  those 
|Mul  clearer  view»  to  which  Jung's  j>riuciples 
ttiu     Five  years  after  the  denth  of  Jnng,  his 

ri  P/ijfsiea  was  pubiitdied,  in  1663;  and  in 
IiagiMje  riij/lutropita.  But  neither  of  these 
tu  ever  much  read;  and  even  I.iiinceus,  whom 
tiga  eacaped  which  concerned  hotiuiy,  had,  in 
tea  none  of  Jung's  works. 
n  paas  over  Jung's  im])i-ovementa  of  Iwtanical 
JB,  and  ipeak  only  of  those  which  he  is  nuaerted 
[RUggested  in  tlie  arrangement  of  plants.  He 
n,  says  Sprengel,*'  the  value  of  characters  of 
.vhicb,  he  huhls,  must  not  be  taken  from  the 
Dor  from  colour,  taste,  nmell,  medicinal  effect^ 
d  plttce  of  hlossoiuing.  He  shows,  in  ntmieroua 
p,  what  plants  roust  be  separated,  though  called' 
(lunon  name,  and  what  must  he  united,  though 
Unes  are  several. 

Bot  see  in  this  much  that  interferes  with  the 
(tyof  Ray's  method,*^  of  which,  in  consequence 
Bpoi-tance  aacribed  to  it  by  Cuvier,  as  we  have 

It  AM.  So.  p.  4BT.  unii  quotM  rrom  It  tbe  deflaJtioo 

H]gu  thii>  in  hi) 

ifiSi.    UUIorla  flanlarun,  v 
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already  seen,  I  shall  give  an  ticconnt,  following  that 
groat  □utiii-alist.*^  I  cotifiue  myflell'  to  tlie  □rdiiiar}' 
plants,  and  omit  tbe  mure  obscure  vegetables,  as  inosh- 
rooQjs,  motise^  fei'os,  and  the  iike. 

Suoh  plants  are  '■omponte  or  simple.  The  eompoiil' 
flowera  are  those  which  contain  luanj  florets  iu  tbe 
same  ea/i/x.**  These  are  subdivided  according  as  tliey 
ar«  coupoBed  altogether  of  complete  fioreta,  or  of  half 
florets,  or  of  a  neater  of  complete  florets,  surrounrled  by 
a  circumference  or  ray  of  demi-florets.  Such  are  Uie 
divisioiiB  of  the  eoryn^/erm,  or  componta. 

In  the  timple  flowers,  the  seeds  are  naked,  or  in  a 
pericarp.  Those  with  naked  secdn  are  arranged  accord- 
ing to  the  number  of  the  seeds,  which  may  be  one,  two, 
three,  four,  or  more.  If  there  is  only  one,  no  sab- 
division  is  requisite:  if  there  are  two,  Ray  makn* 
subdivision,  according  as  the  flower  has  five  petals,  or 
a  continuous  corolla.  Here  we  come  to  sevenJ  niitiml 
families.  Thus,  the  flowers  with  two  seeds  and  five 
petals  are  the  Cmbelli/eroits  plants ;  the  moDopetalou 
flowers  with  two  seeds  are  the  Stdlata.  He  founds  the 
division  of  fonr-Keeded  flowers  ou  the  circu instance  uf 
the  leaves  being  opposite,  or  alternate ;  and  thus  agnin, 
we  have  the  natumi  fitniiliosof  J«/ieW/'o^ice,  oa  Ecliimn, 
&a.,  which  have  the  leaves  alternate,  and  the  Verticil- 
lata,  as  fialvia,  in  which  the  leaves  are  opposite.  When 
the  flower  has  more  than  four  seeds,  he  makes  no  lub- 
di  vision. 

80  much  for  simple  flowers  willi  naked  seeds.  In 
those  where  the  seett.s  are  surrounded  by  a  /ifriearp,  or 
fruit,  this  fruit  is  large,  soft,  and  fleshy,  and  the  plants 
are  pomi/eroim ;  or  it  is  small  and  juicy,  and  the  fmit 
is  a  berty,  as  a  Gooseberry. 

If  the  fmit  is  not  juicy,  but  dry,  it  is  multiple  or 
simple.  If  it  be  simple,  we  have  the  legTimtinoiie  ptiwta. 
If  it  be  multijile,  the  form  of  the  flower  is  to  be 
attended  to.  The  flower  may  be  monoptUdous,  or  Mm- 
^/etalatu,  or  peiitajietalovi,  or  with  still  iiwre  divliiions. 


&(l   the  like; 
B  the  Ptdmacece, 


e  monopetaioiis  may  be  Teller  or  irregtiiar;  so  may 
the  tetrapetaiouB,  The  regular  tetrapetalous  flowera 
are,  for  example,  the  CrtKi/tra:,  aa  Stock  and  Cauli- 
flower :  the  irregular,  are  the  papilimuiceoua  plants, 
Peas,  Beans,  and  Vetches;  and  thus  we  again  come  to 
natural  tamilies.  The  remaining  plants  are  divided 
in  the  same  way,  into  those  with  imperfect,  and  those 
with  perfect,  flowers.  Those  with  imper/eet  flowers 
are  the  Graasai,  the  Ru^lies  (Junei), 
among  thoee  with  perfect  flowers,  i 
and  the  Liliacea:. 

We  see  that  the  division  of  plants  is  complete  as  a 
system ;  all  flowers  must  lielong  to  one  or  other  of  the 
divisions.  Fully  to  explain  the  characters  and  further 
subdivisions  of  these  families,  would  be  to  write  a 
treatise  on  botuny ;  but  it  is  easily  seen  that  they 
exhaust  the  subject  as  far  as  they  go. 

Thus  Ray  constructed  his  system  partly  on  the  fniit 
and  i«rtly  on  the  flower;  or  more  properly,  according 
to  the  expression  of  Ltnnwtts,  comparing  his  earlier 
with  his  later  system,  he  begitn  by  being  a  fntcticut, 
and  ended  by  being  a  coroilUt.*^ 

As  we  have  said,  a  number  of  systems  of  arrnnge- 
ment  of  plants  were  published  about  this  time,  some 
founded  on  the  fruit,  some  on  the  corolla,  some  on  the 
calyx,  and  these  employed  in  various  ways.  Rivinua** 
(whose  real  name  was  Bacliman,)  classified  by  the 
Sower  alone;  instead  of  combining  it  with  the  fruit, 
■s  Bay  bad  done.*^  He  bad  the  further  merit,  of  being 
the  first  who  rejected  the  old  division,  of  woody,  and 
harbaceoug  plaata;  a  division  which,  though  at  variance 
with  any  system  founded  upon  the  structure  of  the 
plant,  was  employed  even  by  Toumefort,  and  only 
liually  expelled  by  Linneeus. 

It  would  throw  little   light  upon   the   history  of 
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laracters  of  genera  a  degree  of  rigour  never  before 
nttoiued,  aud  abstracted  them  in  a  separate  form.  We 
bave  already  seen  that  the  reception  of  botanical  Sya- 
teniH  has  depended  much  on  their  arrangement  into 

Toumefort'a  success  was  also  much  promoted  by  the 
author  inserting  iu  his  work  a  figtire  of  a  flower  nnd 
fruit  Iwloiiging  to  each  genus;  and  the  (igjires,  drawn 
by  A  ubriet,  were  of  great  merit.  The  atudy  of  botany 
was  thus  renilered  easy,  for  it  could  be  learned  by 
turning  over  the  leaves  of  a  book.  In  spite  of  various 
defects,  these  atl vantages  gave  this  writer  an  ascendancy 
which  lasted,  from  1700,  when  his  book  appeared,  for 
more  than  half  a  century.  Fur  though  Linnsus  began 
to  publish  in  173.'^,  his  method  and  his  aomeuclature 
not  generally  adopted  till  1760. 
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CHAPTER  IV. 
The  Reforu  of  Linn-eub. 
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Seel.  1, — iTUroducCion  o/the  Se/om. 

ALTHOUGH,  perhaps,  no  man  of  science  erff 
exerciited  a  greater  sway  than  LinnKus,  or  W 
iuthusiaatic  atlmirers,  the  most  iutelligeat  bot^ 
nists  always  speak  of  him,  not  afi  a  great  discorero', 
hut  as  a  judicious  and  strenuous  Rs/ormer.  Indeed,iii 
his  own  lists  of  botanical  writers,  he  places  himsdf 
among  the  '  Refarmatores;'  and  it  is  apparent  that 
this  is  the  nature  of  bis  real  claim  to  admiration;  for 
the  doctrine  of  the  aexes  of  plants,  even  if  he  had  b 
the  first  to  establish  it,  was  a  point  of  botanical 
physiology,  a  province  of  the  science  which  no  one 
would  select  as  the  peculiar  field  of  Linnieus'a  glory; 
and  the  formation  of  a  system  of  arrangement  on  the 
basis  of  this  doctrine,  though  attended  with  many 
advantages,  was  not  an  improvement  of  any  Higher 
order  than  those  introduced  by  Ray  and  Tonmafort, 
But  OS  a  Reformer  of  the  state  of  Natural  History  in 
his  time,  Linneeus  was  admirahle  for  bis  skill,  and 
unparalleled  in  his  success.  And  we  have  already 
seen,  in  the  instance  of  the  reform  of  mineralogy,  aa 
attempted  by  Mobs  and  Berzelius,  that  men  of  great 
talents  and  knowledge  may  foil  in  sitch  an  under- 
taking. 

It  is,  however,  only  by  means  of  the  knowledge 
which  he  displays,  and  of  the  beauty  and  convenience 
of  the  improvements  which  he  proposes,  that  any  one 
can  acquire  such  an  influence  as  to  procure  his  sug- 
gestions to  be  adopted.  And  even  if  original  circiim- 
Btances  of  birth  or  position  could  invest  any  one  with 
peculiar  prerogatives  and  powers  in  the  repnblic  of 
science,  Karl  Linnfi  began  his  career  with  no  i    * 
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*dvautagea.  Hia  father  was  a  poor  eurate  in  Smaland, 
*  pravince  of  Sweden;  his  boyhood  was  spent  in 
poverty  and  privation;  it  was  with  great  difficulty 
UiAt,  at  the  age  of  twenty-one,  he  contrived  to  aubaiKt 
&t  Ihe  University  of  Upsal,  whither  a  strong  passion 
for  natural  history  had  urged  hiiii.  Here,  howgver, 
he  was  so  far  fortunate,  that  Olana  Rudbeck,  the 
Jirofeasor  of  botany,  committed  to  him  the  care  of  the 
Botanic  Garden.'  The  peruaal  of  the  works  of 
Vaillant  and  Patrick  Blair  suggested  to  him  the  idea 
of  an  arrangement  of  plants,  formed  upon  the  sexual 
irgans,  the  stamens  and  pistils;  and  of  such  an  arrange- 
nent  he  published  a  sketcli  in  1731,  at  the  age  of 
;vtenty-four. 

But  we  nnist  go  forwards  a  few  years  in  his  life,  to 
«me  to  the  period  to  which  his  most  important  works 
)elong.  TJniTersity  and  &mily  quarrels  induced  him 
o  travel;  and,  afler  various  changes  of  scene,  he  was 
ettled  in  Holland,  as  the  curator  of  the  splfindid 
•otanical  garden  of  George  Clifford,  an  opulent  lianker. 
iere  it  was^  that  he  laid  the  foundation  of  his  future 
reataess.  Tn  the  two  years  of  his  residence  at 
larlecamp,  he  published  nine  works.  The  fjist,  the 
!tf»tema  Natura,  which  contained  a  compreht^nsivc 
ketcb  of  the  whole  domain  of  Natural  History,  excitud 
leneral  astonishment,  by  the  acuteuesa  of  the  obstrva- 
ions,  the  happy  talent  of  combination,  and  the  cJeamess 
t  the  systematic  views.  Such  a  work  could  not  fail 
o  procure  considerable  respect  for  its  author.  His 
tortaa  Cliffortiana  and  Mtisa  Cliffortiana  added  to 
his  impression.  The  weight  which  he  had  thus 
cqnired,  he  proceeded  to  nse  for  the  improvement  of 
■otony.  Hia  Fuwlainenta  SoUiniai  and  JiihUuUteca 
^otanica  appeared  in  1736;  his  Criliea  Bolmiica  and 
fenera  Plantarum  in  1737;  hia  Clamefs  J'lnntariivi 
n  1738 ;  his  Spedea  Pluntarum  was  not  published  till 
753 ;  "fl  ^"  these  works  appeared  in  many  successive 
ditions,  materially  modified. 

This  circulation  of  his  works  showed  that  his  labours 
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irere  producing  their  effeot.  His  repatatioQ  gnw; 
and  he  waa  soon  enabled  to  exert  a  personal,  as  well 
as  a  literary,  influence,  on  studenta  of  natural  history. 
He  became  Botanist  Royal,  Frexident  of  the  AoaAemj 
of  Sciences  at  Stockholm,  and  Professor  in  the  Uni- 
Teraity  of  Upgal ;  and  this  office  he  held  for  thirty-nx 
yeara  with  unrivalled  credit;  exerciniug,  by  means  of 
his  lectures,  his  constant  publications,  and  his  oon- 
Tersation,  an  extraordinaiy  power  over  a  multitude  of 
zealoUB  nnturalists,  belonging  to  every  part  of  the  world 
In  order  to  understand  more  dearly  the  natnrB 
and  effect  of  the  reforms  introduced  by  Linneeua  into 
hotany,  I  ahnll  consider  them  under  the  four  following 
heads. — Termhwlogy,  ^'irmenclature,  Artifioial  Sj/itm, 
and  N'aiu/ral  System. 

Sect.  2. — Linnaan  Reform  of  Botanical  Termin^ogg. 

It  must  be  recoUected  that  I  designate  aa  TVrtntnoIo^. 
the  system  of  tertng  employed  in  the  detcriptton  of 
object*  of  natural  history;  while  by  NonwnHattu*,  I 
mean  the  collection  of  the  name*  of  gpeciet.  Tlw 
reform  of  the  descriptive  part  of  botany  was  one  gf 
theiasks  first  attempted  by  Linnieus;  and  his  t«nni- 
uology  was  the  instrument  by  which  his  other  improve- 
meuts  were  effected. 

Though  most  readers,  pi-obably,  entertdin,  at  firet,  a 
persuasion  that  a  writer  ought  to  content  himself  with 
the  use  of  common  words  in  their  common  sense,  and 
feel  u  repugnance  to  technical  terms  and  arbitrary 
rules  of  phraseology,  as  pedantic  and  troublesome;  it 
is  soon  found,  by  the  student  of  any  branch  of 
science,  that,  without  techoical  terms  and  fixed  mtes, 
there  can  bo  no  certain  or  progressive  knowledge 
The  loose  and  infantine  grasp  of  common  language 
cannot  hold  objects  steadily  enough  for  soieatific  e«a- 
mination,  or  lift  them  from  one  stage  of  generalisitian 
lother.  They  must  bo  secured  by  the  rigid 
meahauism  of  a  scientific  phraseology.  This  necessity 
had  been  felt  in  all  the  sciences,  Irom  the  earliest 
periods  of  their  progress.      But  the  conviction   had 
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IB  *ct«d  upon  so  as  to  produce  u  distinct 
■ate  descriptive  botanical  language.  Jong, 
lud  already  attempted  to  give  rules  and 
rlilcfa  should  answer  this  purpose ;  but  it  was 
fi  Ffiudatnenla  Botamta  appeared,  that  the 
old  be  sud  to  possess  &  fixed  aad  cotnpleM 

87- 

t  an  account  of  Huoh  a  tenninology,  ia,  in 
re  a  deacription  of  a.  dictionaiy  and  graniniar, 
arefore  what  cannot  here  be  done  in  detail. 
work  coQtaiafl  about  a  thousand  terms  of 
>  meaning  and  application  are  di&tiuctly 
;  and  rules  are  given,  by  which,  in  the  uaa 
Kms,  the  botanist  may  avoid  all  obscurity, 
',  unnecessary  prolixity  and  coraplexlty,  and 

rce  and  borbariEm.  Of  course  the  greater 
words  which  Lionjeus  thus  recognized, 
joualy  existed  in  botanical  writers;  and 
ihem  bad  been  defined  with  technical  pre- 
Ihus  Jung^  had  already  explained  what  was 
1^  what  a  piTttiale  leaf;  what  kind  of  a  bunch 
I  ia  a  tpike,  a  panirie,  an  umbel,  a  atriflnb, 
if,  LinniBUfl  extended  such  distinctions, 
Mmplete  clearness  in  their  sejiaratiou.  Thus, 
flomposite  leaves  are  further  distiuguiKhed 
9,  pinnate,  bipinnale,  pediUe,  and  so  on; 
Kves  are  ahnipUy  so,  or  vAth  an  otld  one,  or 
llril;  they  are  pinnate  oppotUely.alteniaUl;/, 
My,  articulately,  deeumivdy.  Agaiu,  the 
n,  aa  the  mode  of  assemblage  of  the  flowers 
lay  be  a  lu/i,  (fasciculus,)  a  hertd,  (capitulum,) 
(racemus,)  a  bmidt,  (thyrsus,)  a  panicle,  a 
tii'n,  (amentum,)  a  corynA,  an  mnhel,  a  cyme, 
rerticillua.)  And  the  rules  which  he  gives, 
Hen  apparently  arbitrary  and  needlesa,  are 
practice,  to  be  of  great  service  by  their  fixity 
□cion.  By  the  good  fortune  of  having  had 
"with  so  much  delicacy  of  taste  as  Liiinieus, 
bion  of  so  much  influence.  Botany  posscsitea 
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a.  descri|)tive  language  which  will  long  stand  as  1 
model  for  all  other  subjects. 

It  niBj,  perhaps,  appear  to  aome  persoDS.  that  such 
a  termiuology  aa  we  have  here  described  must  b< 
enormously  cumbrous;  and  that,  since  the  terms  m 
arbitrarily  invested  with  their  meaning,  the  inventioa 
of  them  requires  no  knowledge  of  nature.  Witb 
respect  to  the  former  doubt,  we  may  observe,  th>t 
technical  description  ia,  in  reality,  the  only  descriptim 
which  is  cluarly  intelligible;  but  that  technical  Isn- 
gnage  cannot  be  understood  without  being  learnt  u 
any  other  language  is  learnt;  that  is,  the  reader  mint 
oonneot  the  terms  immediately  with  liia  own  seuft- 
tions  and  notions,  and  not  mediately,  through  aveifail 
explaimtion ;  he  must  not  have  to  guess  their  aeanin^ 
or  to  discover  it  by  a  separate  act  of  interpretatiim 
into  more  familiar  language  as  often  as  they  occur. 
The  language  of  botany  must  be  the  botanist's  mint 
familiar  tongue.  When  the  student  has  thus  leanit 
to  think  in  botanical  language,  it  is  no  idle  distinctioii 
to  tell  liim  that  a  biinch  of  grapes  is  not  a  dueler;  that 
ia,  a  Ciiyrs^is  not  a  racenie.  And  the  terminology  Ot 
botany  ia  then  felt  to  be  a  useful  implement,  not  an 
oppressive  burden.  It  is  only  the  schoolboy  that 
complains  of  the  irksomeness  of  his  grammar  and 
vocabulary.  The  accomplished  student  possesses  them 
without  etTort  or  inconvenience. 

As  to  the  other  question,  whether  the  construction 
of  such  a  botanical  grammnr  and  vocabulary  iiuplice 
an  extensive  and  accurate  acquaintance  with  the  facta 
of  nature,  no  one  can  doubt  who  is  tkmlliar  with  any 
descHptivB  science.  It  is  true,  that  a  person  might 
construct  an  arbitrary  scheme  of  distinctions  and 
appellations,  with  no  attention  to  natural  objects;  and 
this  is  what  shallow  and  self-confident  persons  oft«n 
set  about  doing,  in  some  branch  of  knowledge  with 
which  they  are  imperfectly  acquaintf^  But  the 
slightest  attempt  to  use  such  a  phraseology  leads  to 
confusion;  and  any  continued  use  of  it  leads  to  its 
demolition.  Like  a  garment  which  does  not  fit  us,  it 
we  attempt  to  work  in  it  we  teai'  it  in  pieces, 
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>  The  formntion  of  a  good  fJesoiiptive  language  is,  ia 
bet,  an  inductive  process  of  the  Bame  kind  sa  those 
Vhich  we  have  already  noticed  in  the  progress  of 
natural  history.  It  requires  the  d!san-ery  of  fixed 
thiiraeter*,  which  (Uacovery  is  to  be  luarked  and  fixed, 
like  other  iaductive  steps,  by  appropriate  technical 
ternu.  The  characters  must  he  so  far  lised,  that  the 
tilings  which  they  connect  must  have  a  more  per- 
tuanent  and  real  association  than  the  things  which  they 
leave  unconnected.  If  one  bunch  of  grapes  were 
really  s  raceiuus,  and  another  a  thyraus,  according  to 
the  delinition  of  these  terms,  this  part  of  the  Liuntean 
langu^e  would  lose  iW  value;  because  it  would  no 
longer  enable  us  to  aasert  a  general  proposition  with 
respect  to  one  kind  of  plants. 

Stet.  3, — Linnaan  Refarm  of  Botanical  Nomenclature, 
Is  the  ancient  writers  each  recognized  kind  of  plants 
lind  a  distinct  nama  The  establishment  of  Genera 
leil  to  the  practice  of  designating  Species  by  the  name 
of  the  genus,  with  the  addition  of  a  '  phiiise'  to  dis- 
tinguish the  sp^ies.  These  phrases,  (expressed  in 
XjeXia  in  the  ablative  case.)  were  such  as  not  only  to 
mark,  but  to  describe  the  species,  and  were  intended 
to  contain  such  features  of  the  plant  as  were  sufGcient 
to  distinguish  it  from  others  of  the  same  genus.  But 
in  this  way  the  designation  of  a  plant  often  became  a 
long  and  inconvenient  assemblage  of  words.  Thua 
different  kinds  of  Rose  were  described  as, 

KoM  cutnfaixitt,  Ipjais  cnrenB,  biflun  [Rata  alpina.) 
En«  ncaliala,  foliis  odonitu  «nbtua  rablgina^  (R.  t'jlardrAa.'] 
BcMacuroliDa  fragnuiB,  fuliu  meilio  Uuue  wrratlg  (R.  raroliwi,) 
ItD«a  BjlTUtria  vulgaris,  flore  odorato  iacarnala  (H.  euni'iui.) 

And  several  others.  The  prolixity  of  these  appcllationa, 
their  variety  in  every  different  author,  the  insufBcienoy 
and  confusion  of  the  distinctions  which  they  contained, 
were  felt  as  extreme  inconveniences.  The  attempt  of 
Bauhin  to  remedy  this  evil,  by  a  Synonymy,  had,  as 
*e  have  seen,  failed  at  the  time,  for  want  of  any 
directing  principle;  and  was  become  still  more  de- 
fective by  the  la/«e  of  _f  ears  nud  the  acoamtt\ii.lwu  ol 
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fresh  knowledge  and  new  books,  Haller  had  proposed 
to  diBtingniah  the  specieu  of  eact  genus  by  the  oumbeti 
I,  3,  3,  ftuil  so  on;  but  bolBDists  found  tJiat  UieiT 
memory  could  not  deal  with  such  arbitrary  abatmc- 
tioDB.  The  need  of  some  better  nomeucUture  ml 
severely  felt. 

Tbe  remedy  which  Lionieas  finally  introduced  ■« 
theuseof /Wi'iainBraes;  that  is,  the  designation  of  eadi 
sjiecieaby  the  name  of  the  genus  along  with  AsinghtM' 
Tentional  word.imposed  without  any  general  rule.  Snch 
namea  are  added  alioTe  in  parentheses,  to  the  spedinifii 
of  the  names  previously  in  use.  But  though  tlui 
remedy  was  found  to  be  complete  and  satiafacrtory,  and 
ia  now  universally  adopted  in  every  branch  of  natunl 
history,  it  was  not  one  of  the  reforms  which  lionvua 
at  first  proposed.  Perhaps  he  did  not  at  first  see  its 
full  value ;  or,  if  he  did,  we  may  suppose  tiui  it 
required  more  self-confidence  than  he  ponaesaed,  to  itt 
himself  to  introduce  and  establish  ten  tliousand  new 
names  in  the  botanical  world.  Accordingly,  the  fint 
attempts  of  Linueus  at  the  improvement  of  the  no- 
menclature of  botany  were,  the  proposal  of  fixed  aA 
careful  rules  for  the  generic  naine,  and  for  the  deaorip- 
tive  phrase.  Thus,  in  his  Critica  Bolaniea,  he  givM 
many  precepts  concerning  the  selection  of  the  nanea 
of  genera,  intended  to  secure  convenience  or  elegance. 
For  instance,  that  they  are  to  be  single  words;*  he 
substitutes  atropa  for  bella  donna,  and  leontodoH  for 
dens  leonig;  that  they  are  not  to  depend  upon  the 
name  of  another  genus,^  as  acriviola,  agrimonrnda; 
that  they  are  not^  to  be  '  seBquipedalia;'  and,  says  be, 
any  word  is  sesquipedalian  to  me,  which  has  more 
than  twelve  letters,  as  kalophyUiMlendron,  for  which  he 
substitutes  cidophifilon.  Though  some  of  these  rales 
may  seem  pedantic,  there  is  no  doubt  that,  taken 
altogether,  they  tend  exceedingly,  like  the  labouis  of 
purists  in  other  languages,  to  exclude  extravagance, 
caprice,  and  barbarism  in  botanical  speech. 

The  precepts  which  he  gives  for  the  matter  of  JJ 
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icriptive  phrase,'  or,  as  it  is  terraed  in  the  laa^age 

I  the  Aristotelian  logicianfi,  the  '  difierentia,'  are,  for 

';  part,  results  of  the  geaeral  rale,  that  the 

I  characters  which  can  be  found  are  to  be 

8  mle  bttiDg  interpreted  according  to  all  the 

_s  of  plants  which  had  then  been  acquired. 

e  langaage  of  the  rules  was,  of  course,  to  be  regu- 

Iftted  bj  the  t«munologT,  of  which  we  have  already 

■psken. 

Thus,  in  the  Critlea  Botanica,  the  ntune  of  a  plant 
ii  considered  aa  consisting  of  a  generic  «x>rii  and  a 
■  ipecific  phnue;  and  these  are,  he  says,'*  the  rifj;ht  and 
'  left  hftnds  of  the  plant.  But  he  then  speaks  of  another 
;  the  trivial  name,  which  is  opposed  to 
e  aoientitic.  Such  names  wore,  he  Bays,"  those  of  his 
BBaor«,  and  especially  of  the  most  ancient  of 
Hitherto"*  no  rules  had  lieen  given  for  their 
FTe  manifestly,  at  this  period,  has  small  regard 
for  them.  '  Yet,'  he  says, '  trivial  names  may,  perhaps, 
be  used  on  this  account, — that  the  diffemiUui  otlcn 
tumfl  out  too  long  to  be  convenient  in  common  use, 
and  may  require  change  as  new  species  are  discovered. 
However,'  he  continues, '  in  this  work  we  set  such  names 
aside  altogether,  and  attend  only  to  the  differenliif.' 

Even  in  the  .Specie*  Plantaniin,  the  work  wliioh 
gRTe  general  currency  to  these  trivial  names,  he  does 
not  seem  to  have  yet  dared  to  propose  so  great  a 
novelty.  They  only  stand  in  the  margin  of  the  work. 
'  I  havB  placed  them  there,'  he  aaya  in  his  Preface, 
'that,  without  circumlocution,  we  may  call  every  herb 
\>y  a  UDgle  name;  I  have  done  this  without  selection, 
wltich  would  require  more  time.  And  I  beseech  all 
■uaR  botanisU  to  avoid  most  religiously  ever  proposing 
a  trivial  name  without  a  suffioieut  specific  distinction, 
Iwt  the  science  should  fall  into  its  former  barbarism.' 

It  cannot  be  doubted,  that  the  general  reception  of 
thne  trivial  names  of  Liunreus,  as  the  current  Ian- 
;n^iag:e  among  botanints,  was  due,  in  a  very  great 
degree,  to  the  knowledge,  care,  and  skill  with  which 
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his  characters,  hoth  of  genera  autl  of  species,  were  coB- 
Btructed.  The  rigorous  rules  of  selection  and  espn»- 
sion  which  are  proposed  iu  the  FttndamerUa  BolamM 
and  Criiiea  Bolanica,  he  hiniseif  conformed  to;  and 
thia  scrupulosity  was  employed  upon  the  results  of 
immeuBe  Ubour.  '  In  order  that  I  might  make  mywU 
Rcquainted  with  the  species  of  plants,"  he  sbj>s,  in  the 
prefacu  to  Lis  work  upon  them, '  1  have  explored  th« 
Alps  of  Lapland,  the  whole  of  Sweden,  a  part  of  Nm- 
way,  Denmiirk,  Germany,  Belgium,  Englaad,  Pnitiw: 
I  have  examined  the  Botanical  Gardens  of  Psrii, 
Oxford,  Chelsea,  Havlecomp,  Leydeu,  Utreclit,  AmsU^ 
dam,  TJpsal.  and  others:  I  have  turned  over  tlte 
Herbala  of  Burser,  Hermann,  Clifford,  Burmann, Olden- 
land,  GronoviuB,  Royer,  Bloane,  SLerard,  Boburt,  Millei, 
Toumefort,  Vaillant,  Jussieit,  Surien,  Beck,  Brown,  &&: 
my  dear  disciples  have  gone  to  distant  lands,  and  sent 
me  plants  from  thence;  Kerlen  to  Canada,  Hasselquut 
to  E^ypt,  Asbeoh  to  China,  Toren  to  Sural,  SoWder 
to  England,  Alstrtemer  to  Southern  Europe,  Mutin  to 
SpitKbergon,  Pontin  to  Malabar,  Kcehler  to  Italy, 
Forsktihl  to  the  East,  Lcefling  to  Spain,  Montin  to 
Lapland :  my  botanical  frien<b  have  sent  me  raaay 
seeds  and  di-ied  plants  from  various  countries:  Lager- 
striim  many  from  the  East  Indies;  Gronovins  most  of 
the  Virginian;  Gmelin  all  the  Siberian;  Burmann 
those  of  tlie  Cape.'  And  in  consistency  with  this 
liabit  of  immense  collection  of  materials,  is  his  maxim, '^ 
that  'a  person  is  a  better  botanist  in  propoii.ion  as  he 
knows  more  species.'  It  will  easily  be  seen  that  this 
maxim,  like  Newton's  deolaration  that  discovery  re- 
qnires  patient  thought  alone,  refers  only  to  the  exer> 
tions  of  which  the  man  of  genius  is  conscious;  and 
leaves  out  of  sight  his  peculiar  endowments,  which  he 
does  not  see  because  they  ore  part  of  his  power  of 
vision.  With  the  taste  for  symmetry  which  dictated 
the  Crilica  Botaniea,  and  the  talent  for  classification 
which  appear  in  the  Genera  Ptanta/rwn,  and  the  Sy»- 
tema  Natiiro!,  a  person  must  undoubtedly  rise  to  higbc^ 
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«t«pa  of  cla^ificatory  knowledge  and  iikill,  as  be  became 
acqiuiitited  with  a  greater  number  ot  fucts. 

The  acknowledged  aii)>eriorit.y  of  Linnteua  in  the 
knowledge  of  the  matter  of  his  science,  induced  other 
persow)  tu  defer  to  him  in  what  concerned  its  form; 
especially  when  his  precepts  were,  for  the  most  part, 
Tccomuiendud  strongly  both  by  convenience  and  ele- 
gance. The  trivitii  iinmea  of  the  Specieg  Plantarum 
were  generally  received;  and  though  some  of  the 
fletaila  may  have  been  altered,  the  imnicnse  advantage 
of  the  scheme  ensures  its  permanence. 


Sect.  4.— Lin 


e  Arti/tcial  Si/stem, 


We  hftve  already  seen,  that,  from  the  time  of  Cffiaal- 
pinua,  botanista  bad  been  endeavouring  to  frame  a 
iTstematic  nrtaugement  of  plants.  All  such  arrange- 
ments were  necessarily  both  artificial  and  natural : 
tliey  were  arti/iciul,  inasmuch  as  they  dejjended  u[Km 
usunied  principles,  the  number,  form,  and  position  of 
certain  parts,  by  the  application  of  which  the  whole 
Tegetalite  kingdom  was  impei-atively  subdivided ;  they 
were  jialuntl,  inasmuch  as  the  justification  of  this 
division  was,  that  it  bronght  together  those  plnnto 
which  were  naturally  related.  No  system  of  an'ange- 
ment,  for  instance,  would  have  been  tolerated  which, 
in  a  great  proportion  of  cases,  separated  into  distant 
parts  of  the  plan  the  different  species  of  the  same 
gunus.  As  far  as  the  main  body  of  the  genera,  at 
least,  all  systems  are  natural. 

But  Ijeginning  from  this  line,  we  may  construct  our 
systems  with  two  opposite  purposes,  according  as  we 
endeavour  to  caiTy  our  assumed  principle  of  division 
rigorou!tly  and  consistently  through  the  system,  or  as 
we  wish  to  associate  natural  tamilies  of  a  wider  kind 
than  genera.  The  former  propensity  leads  to  an 
artificik],  the  latter  to  a  natural  method.  Each  is  a 
System  oiPlaiUa;  but  in  the  first,  the  emphasis  is 
thrown  on  the  former  word  of  the  title,  in  the  other, 
on  the  latter. 

The  etrougeat  recommendation  of  an  artkficie.1  b^^ 
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tem,  (beeidoa  ita  approucliing  to  a  natural  method,)  i^ 
that  it  shall  he  capable  of  easy  use;  for  which  purpOHt 
the  facta  on  which  it  depends  mnat  be  apparent  in 
their  relations,  and  universal  in  tlieir  occurrence.  Thfl 
system  of  LiuniBus,  foundeii  upon  the  number,  position, 
and  other  circumstances  of  the  stamina  and  pistils,  thg 
reproductive  organs  of  the  plants,  possessed  this  merit 
in  an  euiiuent  degiee,  as  far  aa  these  chamctere  an 
concerned ;  that  ia,  as  br  as  the  clasaex  and  order).  In 
its  further  sulKliviaion  into  genem,  its  superiority  w* 
mainly  due  to  the  exact  olwervation  and  deaoriptara, 
which  we  have  already  had  to  uutico  as  talents  whidi 
Liiiuffius  peculiarly  possessed. 

The  Linnsean  system  of  plants  was  more  definite 
than  that  of  Touraefort,  which  was  governed  by  the 
corolla;  for  number  i»  more  definite  than  irregnlBf 
form.  It  was  more  readily  enij>loyed  than  any  of  thoea 
which  depend  ou  the  fruit,  for  the  flower  is  a  inon 
obvious  object,  and  more  easily  ezaniined.  Still,  it 
oau  hardly  be  doubted,  that  the  circtimstance  which 
gave  the  main  currency  to  the  system  of  LinnKus  was, 
its  physiological  signification ;  it  was  the  Sejua/  Syt- 
tern.  The  relation  of  the  parts  to  which  it  directed 
the  attention,  interested  both  the  philosophical  faculty 
and  tlie  imagination.  And  when,  soon  after  the 
system  had  become  familiar  in  our  own  country,  the 
poet  of  T/te  BiAanic  Garden  peopled  the  bell  of  every 
flower  witli  '  Nyinplu '  and  '  Swains,'  his  imagery  wu 
felt  to  be  by  no  nieans  forced  and  far-fetched. 

The  history  of  the  doctrine  of  the  sexes  of  plants,  u 
a  point  of  physiology,  does  not  belong  to  this  place; 
and  the  Linntean  system  of  classification  need  not  be 
longer  dwelt  u|x>n  for  our  present  pui'pose.  1  will  only 
explain  a.  little  further  whnt  has  been  said,  that  it  is, 
up  to  a  certain  point,  a  natural  system.  Several  of 
Linnieus's  classes  are,  in  a  great  measure,  natural  asso- 
ciations, kept  together  in  violation  of  his  own  artificial 
rules.  Thus  the  class  Diadelpkia,  in  which,  by  the 
system,  the  filaments  of  the  stamina  should  be  bound 
together  in  two  parcels,  does,  in  lact,  contain  many 
genera  which  are  twnadetp/uma,  the  filaments  of  the 
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A  all  cohering  so  aa  to  form  one  bundle  only;  as 
I  Genigta,  Sparlium,  AiUliyllU,  Lupinue,  &c.  And 
rby  b  this  violation  of  rule  {  PreciBely  bet^use  tbeee 
jtaerA  all  belong  to  the  natuml  tribe  of  Pupilio- 
nfle«ous  plants,  which  the  a,uthor  of  the  sjatem  could 
not  prevail  upon  himself  to  tear  asunder.  Yet  in  other 
otaa  LinnKos  van  true  to  his  system,  to  the  injury  of 
natural  alliances,  ea  he  was,  for  instance,  in  another 
portion  of  this  very  tribe  of  Paj/Hionacetx ;  for  there 
are  plants  which  undoubtedly  belong  to  the  trihe,  but 
which  have  ten  separate  Btamens;  and  these  he  placed 
in  the  order  JJecatulria.  Upon  tlie  whole,  however,  ho 
inclines  rather  to  admit  tniusgression  of  art  than  of 

The  reason  of  this  inclination  waa,  that  he  rightly 
considered  an  artificial  method  as  instrumental  to  the 
investigation  of  a  natural  one;  and  to  this  part  of  hia 
views  we  now  proceed. 

Sect.  5. — LinnauiU  Views  on  a  Natural.  Method. 

Thk  admirers  of  Linnnua,  the  English  especially,  were 
for  some  time  in  the  habit  of  putting  hia  Sexual  Sys- 
t*m  in  opposition  to  the  Natural  Method,  which  about 
the  sanje  time  was  attempted  iu  France.  And  as  they 
often  ap|>ear  to  have  imagined  that  the  ultimate  object 
of  botanical  methmk  was  to  know  the  names  of  plants, 
they  naturally  preferred  the  Swedish  method,  which 
ia  escellent  as  a  jinder.  No  person,  however,  who 
wishes  to  know  botany  as  a  science,  that  is,  aa  a  body 
of  general  trntlis,  can  be  content  with  making  names 
hia  ultimate  object  Such  a  person  will  be  constantly 
and  iiTesistibly  led  on  to  attempt  to  catch  sight  of  the 
natural  arrangement  of  plants,  even  before  he  discovers, 
as  he  will  discover  by  pursuing  such  a  counte  of  study, 
that  the  knowledge  of  the  natural  arrangement  is  the 
knowledge  of  the  essential  construction  and  vital 
mechanism  of  plants.  He  wiU  consider  an  artificial 
method  as  a  means  of  arriving  at  a  natural  method. 
Accordingly,  however  much  some  of  his  followers 
may  have  overlooked  thts^  it  is  what  LiunieviB  \fl.ttiBB\i, 
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always  held  and  tauglit  And  though  what  he  Me- 
cuted  with  regard  to  this  object  was  but  little,"  the 
distinct  manner  in  which  he  preseutod  the  relations  of 
an  artificial  and  natural  method,  may  justly  l>e  looked 
upon  as  one  of  the  great  iui prove  luontB  which  ha 
introduced  into  the  study  of  his  science. 

Thus  in  the  Classes  PlatUaram,  (1747,)  he  »peata 
of  the  difficulty  of  the  task  of  discovering  the  natural 
orders,  and  of  the  atteinjits  made  by  others.  'Yvt,' 
he  adds, '  I  too  have  laboured  at  this,  have  done  some- 
thing, have  much  still  to  do,  and  shtdl  labour  at  the 
object  as  long  as  I  live.'  He  afterwards  proposed 
sixty-seven  orders,  as  the  fragments  of  a  oatunl 
method,  always  professing  their  imperfection.'*  And 
in  others  of  his  works  '*  he  lays  down  some  antithcKi 
on  the  subject  after  his  manner.  'The  natural  orders 
teach  us  the  nature  of  plants;  the  artificial  orden 
enable  us  to  recognize  plants.  The  natural  orders, 
without  a  key,  do  not  constitute  a  Method ;  the  Method 
ought  to  be  available  without  a  niaster,' 

That  extreme  difficulty  must  attend  the  formation 
of  a  Natural  Method,  may  be  seen  from  the  very 
indefinite  nature  of  the  Aphorisms  upon  thu  subject 
which  Linnsua  has  delivered,  and  which  the  beet 
hotaniata  of  succeeding  times  have  assented  to.  Sooh 
are  these; — -the  Natural  Orders  must  be  formed  by 
attention,  not  to  one  or  two,  but  to  all  the  parts  of 
plants; — the  same  organs  are  of  great  importance  in 
regulating  the  divisions  of  one  part  of  the  system,  and 
of  small  importance  in  another  part  ;'^ — the  Character 
does  not  constitute  the  Genus,  but  the  Genua  the  Clm- 
racter; — tlie  Oharaoter  is  necessary,  not  to  make  the 
Genus,  but  to  recognize  it.  The  vagueness  of  these 
maxims  is  easily  seen;  the  rule  of  attending  to  alt 
the  parts,  implies,  that  we  are  to  estimate  their  rela- 
tive importance,  either  by  physiological  considorationa, 

"  The  Ditunl  orden  which  ht        "  Phil.  But.  j>.  Ss. 
proposed  ire  ■  bire  eBumenlLan        "  Oiurra  Platilanai,  net.  SM 
ofsenera.ind  liive  not  Iwen  gene-    PriflKl.in  Ord,  Hal.  p.xlrUt. 
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.these  again  lead  to  ai-bitraiy  rules,  as,  for 
nee,  the  superiority  of  the  fuuctioD  of  nutrition 
at  of  reproil action,)  or  by  a  sort  of  latent  natU' 
,  iosLinct,  which  LinoEBiia  in  some  passageB  seema 
K^oize.  'The  Habit  of  a  plant,'  he  sayB,"  '  must 
cretly  consnlted.  A  practised  botanist  will  dis- 
liah,  at  the  tirat  glance,  the  plaute  of  different 
bera  of  the  globe,  and  yet  will  be  at  a  loss  to  tell 
hat  mark  he  detects  them.  There  is,  I  know  not 
look, — sinister,  dry,  obscure  in  African  plnntaj 
:b  and  elevated,  in  the  Aaiatic ;  smooth  and 
■fal,  iu  the  American ;  stunted  and  indurated,  in 
Upine.' 

^n,  the  rule  that  the  name  parts  are  of  veiy 
■ent  value  in  different  Orders,  not  only  leaves  iw 
itnt  of  rules  or  reasons  which  nia.y  enable  uh  to 
lare  the  marks  of  different  Orders,  hut  destroys 
tystematic  completeness  of  the  natural  arrange- 
»  If  some  of  the  Orders  be  regulated  by  the 
;r  and  othera  by  the  fruit,  we  may  have  plants,  of 
h  the  Sower  would  place  them  in  one  Oi'der,  and 
'ruit  in  another,  The  answer  to  this  difficulty  is 
naxim  already  stated; — that  no  Character  maket 
}rder;  and  that  if  a  Character  do  not  enable  us  to 
^2e  the  Order,  it  does  not  answer  its  purpose, 
laght  to  be  changed  for  another. 
lis  doctrine,  that  the  Character  is  to  he  employed 

servant  and  not  as  a  master,  was  a  stumhling- 
t  in  the  way  of  those  disciples  who  looked  only 
.Dgmatical  and  universal  nUen.  One  of  Liunieus's 
Is,  Paul  Dietrich  Giseke,  has  given  us  a  very 
f  account  of  his  own  perplexity  on  having  th^ 

propounded  to  him,  and  of  the  way  in  which  he 
^led  with  it.  He  had  complained  of  the  want  of 
ligible  grounds,  in  the  collection  of  uatniul  ordera 
1  by  Linnaeus.  Linnseus ''  wrote  in  answer,  '  You 
ne  for  the  characters  of  the  Natural  Orders:  I 
!BB  I  cannot  give  them.'  Such  a  reply  naturally 
wed   Giseke's   difficulties.      But  afterwords,   la 
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1771,  he  had  the  good  fortune  to  spend  Bome  timeit 
TJpanl ;  und  he  narrates  a  conversation  which  he  held 
■with  the  great  teacher  on  this  Bubject,  and  which  1 
think  may  serve  to  show  the  nature  of  the  difficnltj; 
— one  by  no  means  easUy  removed,  and  hy  the  genend 
reader,  not  even  readily  comprehended  with  disUnct- 
ness.  Giseke  began  by  conceiving  that  an  Order  miu( 
have  that  attribute  from  which  ita  name  ia  derived;— 
that  the  UmbflleUiK  must  have  their  flower  disposed  in 
an  umbel.  The  '  mighty  master'  smiled,'*  and  tolil 
him  not  to  look  at  names,  but  at  nature.  '  But'  (nid 
the  pupil)  '  what  is  the  use  of  the  name,  if  it  dote  not 
mean  what  it  professes  to  mean?"  '  It  is  of  sawU 
im]>ort'  (replied  Linnteus)  'to/int  you  call  the  Order,if 
you  take  a  proper  serieii  of  plants  and  give  it  suae 
name,  which  is  clearly  understood  to  apply  to  the 
plants  which  you  have  associated.  In  such  eaam  u 
you  refer  to,  I  followed  the  logical  rule,  of  borrowing 
a  name  a  potiori,  from  the  principal  member.  Cko 
you'  (he  added)  'give  me  the  character  of  any  sin^ 
Orderl'  Ghxke.  '  Surely,  the  character  of  the  Urn- 
hdlatm  is,  that  they  have  an  umbel )'  Lmnam. 
'  Good ;  but  there  are  plants  which  have  an  umbel,  wd 
are  not  of  the  Unibellala.'  G.  '  I  remember.  W< 
must  therefore  add,  that  they  have  two  naked  aeedi.' 
L.  'Then,  Behinophora,  which  has  only  one  seed,  and 
£ryngiam,  which  has  not  an  umbel,  will  not  b« 
UvibeUaia;;  and  yet  they  are  of  the  Order.'  G,  'I 
would  place  Ejynffivm  among  the  AgyregaUB.'  L. 
'No;  both  are  beyond  dispute  Utnbfllatm.  Styttyium 
has  an  involuonim,  five  stamina,  two  pistila,  <fec  Tiy 
again  for  your  Character.'  G.  '  I  would  transfer  aoch 
plants  to  the  end  of  the  Order,  and  make  them  form 
the  transition  to  the  next  Order.  Eryngium  would 
connect  the  Umhdlatm  with  the  Aggregnta.'  L.  '  Ah ! 
my  good  friend,  the  TransUion  fi-um  Order  to  Ordsr 
ia  one  thing;  the  Character  of  an  Order  is  another. 
The  Transitions  I  could  indicate ;  but  a  Character  of 
ft  Natural  Order  ia  impossible.     I  will  not  givtt- 


Mmu  for  ttie  distribution  of  Natural  Orders  vhich 
I»Te  published.  You  or  aome  other  person,  aftej 
Tenty  or  after  fifty  years,  will  diacover  them,  and  see 
lat  I  vaa  iu  the  right.' 

t  have  given  a  portion  of  this  curioufl  conversation, 
.  order  to  show  that  the  attempt  to  establish  Natural 
rden  leada  to  convictions  wiiich  are  out  of  the 
>inain  of  the  syateniatic  groutida  on  which  they 
■ofeas  to  proceed.  I  believe  the  real  state  of  the  case 
'  be,  that  the  systematiet,  in  sach  inntancee,  \n  guided 
r  an  unfonncMl  and  undeveloped  apprehensiim  of 
lysiologicat  functiooe.  The  ideas  of  the  form,  number 
id  li^re  (if  parte  are,  in  some  measure,  overshadowed 
id  superseded  by  the  rising  perception  of  organic 
)d  vital  relations;  and  the  philosopher  who  aims  at 
Natural  Method,  while  he  in  endeavouring  merely  to 
cplore  the  apartment  in  which  he  had  placed  himself, 
lat  of  Arrangement,  is  led  beyond  it,  to  a  point 
here  another  light  b^na,  though  dimly,  to  be  seen ; 
9  is  brought  within  the  influence  of  the  ideaa  of 
rganization  and  Life. 

The  sciences  which  depend  on  these  ideas  will  be 
le  subject  of  our  consideration  hereafter.  But  what 
KB  been  said  may  perhaps  serve  to  explain  the 
ifcBOwIe<lged  and  inevitable  imperfection  of  the  un- 
hjaological  Linnsan  attempts  towards  a  natural 
tfl^od.  '  Artificial  Classes  arc,'  Linnieus  says,  *  a 
tetitute  for  Natural,  till  Natural  are  detected.'  But 
■  have  not  yet  a  Natural  Method.  'Nor,'  he  says, 
it^convetaatiouaboveoited,  '  can  we  have  a  Natural 
lUthai ;  for  a  Natural  Method  implies  Natural  Classes 
id  Ordera;  and  these  Orders  must  have  Charaotcra.' 
&nd  they,'  he  adds,  in  another  jilace,^*  '  who,  though 
i^auiiK>t  obtain  a  complete  Natural  Method,  arrange 
ints  uoording  to  the  fragments  of  such  a  method,  to 
M  rejection  of  the  ArtlUcial,  seem  to  me  like  persona 
bo  pull  down  a  convenient  vaulted  room,  and  set 
Mat  building  another,  though  they  cannot  turn  the 
ult  vfaioh  ii  to  cover  it.' 

»  Dm.  plant,  ia  PralrCt.  p.  xU. 
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How  fiir  tliese  coDsideratioDB  deteiretl  other  pewflM  I 
froni  turning  their  main  attention  to  a  natural  n    '   ' 
ve  Mhall  shortly  see;  but  in  the  menu  time,  w 
complete  the  h^tory  of  the  Linnte&n  Reform. 


Sect,  6, — Reception  attd  Diffiuian  of  the  Linnam 
Reform, 

Wb  have  already  seen  that  Linnteus  received,  from  hit  I 
own  country,  honoiira  and  emoluments  which  vaA  I 
his  reputation  as  established,  as  early  as  1 7  40;  and  bj  I 
Ilia  publications,  his  lectures,  and  his  personal  oommn-  1 
nicutioDB,  ho  soon  drew  round  him  many  diiici{dMi  1 
whom  he  impressed  strongly  with  his  own  doctrioM  I 
and  methods.  It  voiild  seem  that  the  sciences  o( 
clas.><ification  tend,  at  least  in  modern  timen,  more  thu 
other  sciences,  to  collect  about  the  chair  of  the  b 
a  large  body  of  zealous  and  obedient  pupils;  Linneni 
and  Werner  were  by  far  the  most  powerful  headt  of 
schools  of  any  men  who  appeared  in  the  course  of  the 
last  century,  Perhaps  one  reason  of  this  is,  that  in 
these  sciences,  consisting  of  such  an  enormous  multi- 
tude of  species,  of  descriptive  particulars,  and  of 
previous  classifications,  the  learner  is  dependent  npon 
the  teacher  more  completely,  and  for  a  longer  time, 
than  in  Other  subjects  of  speculation :  he  cannot  so 
soon  or  so  easily  cast  off  the  aid  and  influence  of  the 
muster,  to  pursue  reasonings  and  hypotheses  of  his 
own.  WhateTcr  the  cause  may  be,  the  fact  is,  that 
the  reputation  and  authority  of  Linneus,  in  the  latter 
part  of  his  life,  were  immense.  He  enjoyed  also  roysl 
favour,  for  the  King  and  Queen  of  Sweden  were  both 
fond  of  natural  history.  In  1753,  Linnffitia  received 
from  the  hand  of  his  sovereign  the  knighthood  of  the 
Polar  Star,  an  honour  which  had  never  before  been 
conferreil  for  literary  merit;  and  in  1756,  was  raised 
to  the  rank  of  Swedish  nobility,  by  the  title  of  Von 
Linn6;  and  this  distinction  was  confirmed  by  the  Diet 
in  1763.  He  lived,  honoured  and  courtetl,  to  the  age 
of  seventy-one ;  and  in  1778  was  buried  in  the  cathedral 
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rpnl,  vith  many  testtmoiiies  of  public  i-espect  and 
lention. 

De  Cauilolle^  assigns,  as  the  causes  of  the  successes 
;he  Liunsean  systein, — the  specific  Uaine8,^the  chn- 
teristic  phrase, — the  fixation  of  descriptive  lauguage, 
he  diBtiuctioD  of  varieties  and  specien, — the  exten- 
1  of  the  method  to  all  the  kingdoma  of  nature, — 
the  practice  of  introduciDg  into  it  the  species  most 
jntly  discovered.  This  lust  course  Linnxua  cod- 
itly  purHued ;  ihaa  making  his  works  the  most 
luble  for  niatl«r,  as  they  were  the  most  convenient 
rorm.  The  general  diffusion  of  his  methods  over 
itipe  may  be  dated,  perhaps,  a  few  years  afler  1760, 
m  the  teath  and  the  succeeding  editions  of  the 
Cnna  A'aturte  were  in  circulation,  professing  to 
ude  every  species  of  organized  beings.  But  his 
lijs  and  correspondents  effected  no  less  than  his 
ks,  in  giving  currency  to  his  system.  In  Germany,"' 
raa  defended  by  Ludwig,  Gesner,  Fabricius.  Bat 
Her,  whose  reputation  in  physiology  was  as  great  as 
t  of  Linnteus  in  methodology,  rejected  it  as  too 
■ely  artificial.  In  France,  it  did  not  make  any 
id  or  extensive  progress:  the  best  French  botanists 
«  at  this  time  occupied  with  the  solution  of  the  great 
blem  of  the  construction  of  a  Natural  Method. 
i  though  the  ihetorician  Rousseau,  charmed,  we 
f  suppose,  with  the  elegant  precision  of  the  PkUo- 
\ia  Botaidea,  declared  it  to  be  the  most  philosophical 
:k  be  had  ever  read  in  his  life,  Buffon  and  Adanson, 
Bribers  and  philosophers  of  a  more  ambitious  school, 
fcft  repugnance  to  the  rigorous  rules,  aud  limited, 
■pished,  undertakings  of  the  Swedish  naturalist 
PnOBt  his  criticism  and  his  influence,  they  armed 
■selves  with  dislike  and  contempt. 
[n  England  the  Linncean  system  was  very  favourably 
eived  :^i)erhapa  the  more  favonrahly,  for  being  a 
lotly  artificial  system.  For  the  indefinite  aud  uu- 
l^ed  form  which  almost  inevitably  clings  to  a 
Itol  method,  appears  to  be  peculiarly  distasteful  to 

"    »  Thior.  ffl*».p.» 
TOJ.  Ill- 
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^M  our  couuttymeo.     It  miglit  seem  its  if  the  suiipenM 

^B  Bud  craving  which  comes  with  knowledge  coofewedly 

^1  incomplete  were  so  disagreeable  to  tLem,  that  th»j 

^U  were  willing  to  avoid  it,  at  anj  rate  whatever; 

^M  by  rejecting  syateni  altogether,  or  by  accepting  a  dof 

^M  maticai  Ryatem  without  reserve.     The  former  has  bea 

^M  their  course  in  recent  timee  with  regard  to  Mineralogj; 

H  the  latter  was  their  proceeding  with  respect  to  tlu 

H  Linniefin  Botany.  It  is  in  this  couutiy  aloue,  I  belien^ 

H  that  TTeTTi^Wan  and  Linnaan  Societies  have  been  ii 

H  tuted.     Such  appellations  somewhat  rem.iud  us  of  tlM 

B  Aristotelian  and  Platonic  schools  of  ancient  Gam. 

B  In  the  same  spirit  it  was,  that  the  Artilicial  SyEterami 

at  one  time  hei'e  considered,  not  as  subsidiary  and  pn- 
paratory  to  the  Natural  Orders,  but  as  opposed  10 
them.     This  was  much  as  if  the  disposition  of  u 

I  army  in  a  review  should  he  considered  as  iuconsistal 

with  another  arrangement  of  it  in  a  battle. 
When  Linnieua  visited  England  in  173G,  Slouie, 
then  the  patron  of  natural  history  in  this  country,  ii 
said  to  have  given  hiin  a  cool  reoejition,  such  as  m 
perhaps  most  natural  from  an  old  ma 
innovator;  and  Dillenius,  the  professor  at  O?cfotxl,  did 
not  accept  the  sexual  system.  But  as  Pulteney,  th« 
historian  of  English  Botany,  says,  when  his  worb 
became  known,  '  the  simplicity  of  the  classical  chfc- 
racters,  the  uniformity  of  the  generic  notes,  all  con- 

•  fined  to  the  parts  of  the  fructification,  and  the  precirioD 

which  marked  the  specific  distinctions,  merits  80  neV) 
soon  commanded  the  assent  of  the  unprejudioed.* 
Perhaps  the  progress  of  the  introduction  of  the 
Linnwan  System  into  England  will  be  best  nnderstaod 
from  the  stati-mant  of  T.  Martyn,  who  was  Profenor 
of  Botany  in  the  University  of  Cambridge,  from  1761 
to  1825.  '  Alioiit  the  year  1750,' he  says,'^  'I  was  a 
I  pupil  of  the  school  of  our  great  countryman  fiay;  hot 

H  the  rich  vein  of  knowledge,  the  profoundness  and  pre- 

H  dsioii,  which  I  remarked  evei-j-where  in  the  P/iiiogcjAia 

I  Bataniea,  {puLliahod  in  1751,)  withdrew  me  i 

.    "  Pnt.  to  latn/vmjt  qf  BHang,  ira  eOlt,  tio^. 
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■Bt«r,  and  I  beoune  a  decidod  convert  to  that 
H  of  botany  which  h&a  Buioe  been  geDerally 
■.  In  1753,  the  Spwieg  Plantaruitt,  which  first 
leed  the  specific  names,  made  me  a  Linniean 
jlely.'  In  1763,  he  introduced  the  eystem  in 
itures  at  Cambridge,  and  these  were  the  first 
jM  iectnreB  in  England.  Stillingfleet  had  alreucly, 
97,  and  Lee,  in  1760,  called  the  attention  of 
p  readers  to  Linniena.  Sir  J.  Hill,  (the  king's 
ttr  at  Kew,)  in  hia  Flora  Britanniea,  publislied 
fa,  had  eni{)loj'ed  the  olassea  and  generic  cha- 
L  but  not  the  uomeoclature;  but  the  latter  was 
^by  Hudson,  in  176a,  in  the  Flora  Angliea. 
f  yonng  Swedes,  pupila  of  Linneus,  Dryander 
jluider,  settled  in  England,  and  wore  in  intimate' 
Inrse  with  the  most  active  naturalisto,  especially 
pa  Joseph  Banks,  of  whom  the  former  was 
llSt  and  the  latter  a  fellow-traveller  in  Cook'a 
Ued  voyage.  Jamea  Edward  Smith  was  also 
t  the  modt  eealouB  disciples  of  the  Linnxan 
S  and,  aRer  the  death  of  LtnnieuB,  purchased 
Irttariuma  and  Collections.  It  is  related,^  as  a 
fc  proof  of  the  high  eEtimatiou  iu  which  Lin- 
Hiia  held,  that  when  the  Swedish  government 
rof  thia  bargnLn,  they  tried,  though  too  late,  to 
it  these  moniimenta  of  their  countryman's  labour 
pry  being  carried  from  his  native  land,  and  even 

fi  far  as  to  send  a  frigate  in  pursuit  of  the  ship 
conveyed  them  to  England.  Smith  had,  how- 
Ifae  triumph  of  bringing  them  home  in  safety. 
h  death  they  were  purchased  by  the  Linngean 
w.  Snch  relics  serve,  aa  will  easily  be  imagined, 
Py  to  warm  the  reverence  of  hia  admirers,  but 
JBtrate  bis  writings ;  and  since  they  have  been  in 
wnntiy,  they  have  been  the  object  of  the  pil- 
■B  of  many  a  botanist,  from  every  part  of  Europe, 
pre  purposely  confined  myttelf  to  the  history  of 
pinaian  system  in  the  cases  in  which  it  is  most 
ffftpplicable,  omitting  all  consideration  of  more 
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obscure  and  diaimted  kinda  of  vegetables,  as  ferna, 
moAses,  fungi,  lichens,  sea-weeda,  and  the  like.  Tk 
nature  aod  pi'ogresB  of  a  clas«iioatory  scaence,  which  it 
'  a  purpose  to  bring  into  view,  will  best  be 
underetood  by  att«ndi]ig,  in  the  first  place,  to  Uia 
cases  ill  wliicli  Huch  a  science  has  beea  pui-aued  with 
the  most  decided  sucoeaa;  and  the  advances  wliid 
have  been  made  in  the  knowledge  of  the  more  obsnin 
vegetables,  are,  in  fact,  advances  in  artiliciul  cUaifla- 
tion,  only  in  aa  far  aa  tliey  are  advances  in  iiatiuil 
claMsificuttuu,  and  in  physiology. 
To  these  aubjeots  we  now  proceed. 


CHAPTER   V, 

1  TOWARDS  A  Natural  System  of  Botast. 

9  ftlready   said,   that   tbe   furmation   of  a 
_  J  Systeni  of  cluasiScation  must  reaolt  froia 

mmparisoQ  of  aU  the  resemblancea  and  differences  of 
le  thiiiga  classed;  but  that,  in  acting  uj>oii  this 
lasim,  the  nataralist  ia  necessarily  either  guided  by 
1  obscure  and  instinctive  feeling,  which  is,  in  ttict,  an 
ndeveloped  recognition  of  physiological  relations,  or 
lie  acknowledges  physiology  for  hia  guide,  though  he 

obliged  to  assume  arbitrary  rules  iu  order  to  inter- 
ret  its  indications.  Thus  all  Natural  Class ification  of 
poized  beings,  either  begins  or  soon  ends  in  Physio- 
gy;  and  can  never  advance  far  without  the  aid  of 
.at  science.    Still,  the  progreaa  of  the  NatunJ  Method 

botany  went  to  such  b.  length  before  it  wtw  grounded 
itirely  on  the  anatomy  of  plants,  that  it  will  be 
'oper,  and  I  hope  instructive,  to  attempt  a  sketch  of 
here. 

As  I  have  already  hod  occasion  to  remark,  the 
rlier  systems  of  plants  were  natural;  and  they  only 
ased  to  be  so,  when  it  appeared  that  the  problem  of 
nfltructing  a  in/etem  admitted  of  a  very  useful  solu- 
DD,  while  tbe  problem  of  devising  a  natural  st/Uem 
mained  insoluble.  But  many  botanists  did  not  so 
ally  renounce  the  highest  object  of  their  science.  In 
ranoe,  especially,  a.  succession  of  extraordinary  men 
boured  at  it  with  no  inconsiderable  success:  and 
ey  were  seconded  by  worthy  fellow -lab  outers  in 
ermany  and  elsewhere. 

The  precept  of  taking  into  account  all  the  parts  of 
ants  according  to  their  importance,  may  be  applied 
cording  to  arbitrary  rules.  We  may,  for  instance, 
Bume  that  the  fruit  is  the  moxt  important  part;  or 
i  may  make  a  long  list  of  ]Mrts,  and  look  for  agree- 
ent  in  the  greatest  poatible  number  of  these,  in  order 

construct  our  natural  orders.     The  foTUiQt  C 
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wna  followed  Ly  Osertner;'  tlie  latter  by  AiIoDi 
Gtertner'a  priuoiptes,  deduced  from  the  diaeection 
more  than  a  thousand  kiuda  of  finiits,^  exercued,  in  t 
Bequei,  a  great  and  permanent  mSuence  on  the  fonnk- 
tion  of  natural  closaes.  Adanson'a  atteinpt,  bold  ui 
ingenious,  bulonged,  both  in  time  and  character,  toi 
aumuwhat  earlier  stage  of  the  subject.*  EnthiiaailJa 
and  laborious  beyond  belief,  but  self-cnnGdent  and  cotr 
temptuouaof  tlie  labours  of  others,  Michael  Adnnsoo 
had  collected,  during  five  years  spent  in  Senegal,  an 
enorraous  mass  of  knowledge  and  mnteriala;  aud  iwd 
tbruied  plana  for  the  ayatema  which  lie  conc^Vld 
himself  thus  empowered  to  reach,  far  beyond  ti>* 
strength  and  the  lot  of  man.*  In  his  Famiiia  >/ 
Plmita,  however,  all  agree  that  his  labours  were  of 
real  value  to  the  science.  The  method  which  he  fol- 
lowed in  thus  deacribed  by  his  eloquent  and  philp- 
sophical  eulogist.^ 

Considering  each  organ  by  itself,  he  formed,  bf 
pursuing  its  vatious  modifications,  a  syntent  of  divimoi^ 
in  which  he  arranged  all  known  species  according  to 
that  organ  alone.  Doing  the  same  for  another  otgaa, 
and  another,  and  so  for  many,  he  cunatnicti-d  a  col- 
lection of  ayatems  of  arrangement,  each  artiticial, — 
each  founded  upon  one  aaauniod  organ.  The  specid 
which  come  together  in  all  these  systems  are,  of  all, 
naturally  the  nearest  to  each  other;  those  which  ore 
Bepamted  in  a  few  of  the  systems,  but  contiguous  in 
tlie  greatest  number,  are  naturally  near  to  each  other, 
though  less  near  than  the  former;  those  wliteh  w 
separated  in  a  greater  number,  are  further  removed 
from  each  other  in  nature ;  and  they  are  the  more 
removed,  the  fewer  are  the  systems  in  which  they  an 
associated. 

Thus,  by  this  method,  we  obtain  the  means  of  esti- 
mating precisely  the  degree  of  natunU  affinity  of  all 
the  Bpeoiea  which  our  syatema  include,  independent  of 

DfFmeliiui  it  Srml«aua  Flanlanm.     Stullg.  i7B8— OBi- 
SpFFd^l,  II.  190,  '  FnmHle!  dn  Pbrnlri 

Coylefi  Ela-je.  '  Cii«.  Elajel,  Una,  i. 


GRESS  TOWAKDS  A  NATL'RAL   SV3TEM.   279 

viological    knowledge   of  the  iuSiience  of  tiie 

Bnt  the  method  hag,  Cuvier  aJds,  the  incoii- 

e  of  presupposing  anotlier  kiud  of  knowledge, 

,   thougK   it  belongs  nniy  to  descriptive  natural 

lesa  dilHciilt   to  obtain; — the  know- 

^  namely,  of  all  sjtecies,  und  of  all  the  organs  of 

ingle  one  n^lect«d,  may  lead  to  relations 

t  fulae;  and  Adanaon  liiuLself,  in  sjiite  of  the 

;  uutnber  of  hia  obaervatious,  exeinplitieii  this 

istuicea. 

y  add,  that  in  the  diviaion  of  the  structure 
IS,  and  in  t.he  eatimation  of  the  gradations  of 
n  each  artificial  syntem,  tbere  is  utiU  room  fur 
.mption. 

Ill  time,  the  two  Jusaieus  had  presented 

a  'Natural  Method,"   which   proiliiced  a 

r  inipreasion  than  the  '  Univeraal  Method "  of 

I.     The  firat  author  of  the  systein  was  Bernard 

en.  who  applied  it  in  the  arrangement  of  thu 

if  the  Triiiuou,  in  1759,  though  he  never  puh- 

pon    it.      His   nephew,    Antoiue    Ijinrent  de 

in    his   TraUite  of  (Ae   ArrangKmrni    of  (Ac 

?  gave  an  account  of  the  principles  and  orders 

I,  which  he  adopted  when  he  Hucceeded  him ; 

Xer  period,  published  his  Genera  flanUirnm 

t  Ordine*  Nalvrales  tlUpotila;  a  work,  aaya 

r,  which  perhaps  forms  as  important  an  epoch  in 

»  of  observation,  as  the  C/timie  of  Lavoisier 

1  the  sciences  of  exi)eriment.     The  object  of  the 

I  was  to   obtain   a  system  which   should   be 

1  by  the  natural  affinities  of  the  planta,  while, 

B  time,  the  characters  by  which  the  orilera 

dbly  determined,  should  be  as  clear,  simple, 

,  as  those  of  the  best  artificial  system     The 

i  points  in  these  characters  wore  the  number  of 

lOtyledDna,  and  the  atructure  of  the  seed;  and 

dinate  to  this,  the  insertion  of  the  stamina,  which 

inguished  as  epifft/nous,  perigifnoitg,  and  hi/po- 

Itf,  according  as  they  were  insei-ted  over,  about,  or 

<J/fi.../c./'.i77+. 
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under,  the  gennen,  And  the  classes  wLich  were  formed 
hj  the  JussieiiB,  though  they  have  since  bern  modifini 
by  succeeding  writers,  have  been  so  far  retained  by  the 
most  jirofound  botanists,  notwithatandiug  hIJ  the  new 
e  and  new  light  which  have  been  bestowed  upon 
the  subject,  as  to  show  that  whiit  was  done  at  Rnt, 
was  a  real  and  imjKirtaDt  step  in  the  solution  of  tbc 

The  merit  of  the  formation  of  this  natural  metbed 
of  plaute  must  be  divided  between  the  two  Jumiei& 
It  bus  been  common  to  speak  of  the  nephew,  Antoins 
Laurent,  as  only  the  publisher  of  his  uncle's  work.' 
But  this  appears,  from  a  recent  statement,^  to  be 
highly  unjust  Bernard  left  nothing  in  writing  bnt 
the  catalogues  of  the  garden  of  the  Trianon,  which  be 
had  arranged  accordiog  to  his  own  views;  but  then 
catalogues  consist  merely  of  a  series  of  names  witfaant 
explanation  or  reason  added.  Tlie  nephew,  in  I 
undertook  and  executed  for  himself  the  exnminatioB 
of  a  iiatuml  fnmily,  the  Ranunenlaette ;  and  he  iru 
wont  to  relate  (aa  his  son  informs  ua)  that  it  wu  tbi>  ' 
employment  which  first  opened  his  eyes  and  rendered 
him  a  botanist  In  the  memoir  which  he  wrote,  Iw 
explained  fully  the  relative  importance  of  the  characten 
of  plants,  and  the  subordination  of  some  to  others; — 
an  essential  consideration,  which  Adanson's  scheme  had 
failed  to  take  account  of.  Theuncledied  in  1777;  anil 
hiH  nephew,  in  speaking  of  him,  compares  his  arrange- 
ment to  the  Ordinea  Naturaiei  of  Linosus:  'Both 
these  authors,'  be  says,  '  have  satisfied  tliemselves  witli 
giving  a  catalogue  of  genera  which  approach  each 
other  in  different  points,  without  explaining  the  motivce 
which  induced  them  to  place  one  order  befoiu  another, 
or  to  an-auge  a  genua  under  a  certain  order.  These 
two  arrangements  may  be  conceived  as  problems  which 
their  authors  have  left  for  botanisU  to  solvK  LinnKus 
published  his;  tbat  of  M,  de  Jussieu  is  only  known  by 
the  manuscript  catalogues  of  the  garden  of  the  Trianon.' 

[.        t  Br  Adricn  dc  JuMien,  gcw  of 
.    Antolne  LauHiit,  in  Ul(  jKMfM 
4iM  Sc.  A'al.,  Kov.  IKJ4. 
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It  wna  not  till  the  jounger  Jussteu  had  emplojed 
himself  for  nineteea  years  upon  hotany,  that  be  pub- 
liitbed,  in  1789,  his  Genera  PlatUarum;  and  by  tliis 
time  he  had  so  entirely  formed  his  scheme  in  his  head, 

PiA  he  beg&D  the  impression  without  having  written 
t  book,  and  the  manuscript  was  never  more  than 
o  pages  in  advance  of  the  printer's  type. 
When  this  work  appeared,  it  was  not  received  with 
MIT  enthosiesDi ;  indeed,  at  that  time,  the  revolution 
of  states  abaorlied  the  thoughts  of  all  Europe,  and 
left  men  little  leisure  to  attend  to  the  revolutions  of 
scieice.  The  nuthor  himself  was  druwn  into  the  vortex 
of  public  aftkira,  and  tor  some  yettra  forgot  his  book. 
The  method  made  itti  way  slowly  aud  with  dif&culty: 
it  was  a  long  time  before  it  was  comprehended  aud 
aiIo]>ted  in  France,  although  the  botanists  of  that 
country  had,  a  little  while  befoi^  beeu  so  eager  in 
pursuit  of  a  natural  system.  In  England  and  Germany, 
which  liad  readily  received  the  Linueean  method,  its 
progress  was  still  more  tardy, 

There  is  only  one  point,  on  which  it  appears  neces- 
mry  further  to  dwell.  A  main  and  fundamental  dis- 
tinction in  all  natural  synteni-i,  is  that  of  the  Monoco- 
lyledoBous  aud  Dicotyledonous  plants ;  that  is,  plants 
which  unfold  themaelvea  from  aa  embryo  with  two 
little  leaves,  or  with  one  leaf  only.  This  distinction 
produces  its  effects  in  the  systerns  which  are  regulated 
by  numbers;  for  the  flowers  aud  fruit  of  the  monoco- 
tyledons are  generally  refen-iblB  to  some  law  in  which 
the  number  t/tree  prevails;  a  type  which  rarely  occurs 
'b  dicotyledons,  these  affecting  most  commonly  an  ar- 
ment  founded  on  the  number jt'te.  But  it  appears, 
e  attempt  to  rise  towardn  a  natural  method, 
Jhat  this  division  according  to  the  cotyledons  is  of  a 
iligfaer  order  than  the  other  divisions  according  to 
number;  and  corresponds  to  a  distinction  in  the  general 
structure  and  organization  of  the  plant.  The  appre- 
benaion  of  the  due  rank  of  this  distinction  has  gnulu- 
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such  a  division  clearly  marked  in  Lobel,  in  1581 
employed  by  Ray  aa  the  baiiis  of  bis  classification  1 
century  later.  Ibis  difference  has  had  its  due  pUce 
assigned  it  in  more  recent  aystems  of 
but  it  ia  odIj  later  still  that  its  full  import  has  been 
distinctly  brought  into  view.  CeBfontuinefi  disco- 
vered'°  that  the  ligneous  fibre  ia  developed  in  an  1 
opposite  manner  in  vegetables  with  one  and  with  two  I 
cotyledons ; — towai-da  the  inside  in  the  former  cvie, 
and  towards  tbit  outside  in  the  latter;  and  hence  thtse 
two  great  classes  have  been  since  termed  endogenixt 
and  exugenoui. 

Thus  this  division,  according  to  the  cotyledon^ 
appears  to  have  the  tttamp  of  reality  put  upon  it,  by 
acquiring  a.  physiological  nieaniug.  Yet  we  are  not 
allowed  to  forget,  even  at  this  elevated  point  of  geofr- 
ralization,  that  no  qw  character  can  be  iiaperaitiTe  is 
a  natural  method.  Lamarck,  who  employed  his  gnrt 
talents  on  botany,  before  he  devoted  himself  exdn- 
fcively  to  other  branches  of  natural  history,  published 
his  views  concerning  methods,  systems,'*  and  oba- 
rauturs.  His  miun  principle  is,  that  no  single  part  of 
a  plant,  however  essential,  can  be  an  absolute  rule  for 
classification ;  and  hence  he  blames  the  Jussieuiaa 
method,  us  giving  this  inadmissible  authority  U>  the 
cotyledons,  Roscoe'- further  urges  that  some  plants, 
as  Orchis  mcrw,  and  Zitiiodorum  veTKandu^n,  have  no 
visible  cotyledons.  Yet  De  (Jandolle,  who  laboured 
along  with  Lamarck,  in  the  new  edition  of  the  FUm 
Frangaise,  haa,  as  we  have  already  intimated,  been  led, 
by  the  must  careful  application  of  the  wisest  prin- 
ciples, to  a  ayslem  of  Natural  Ordei's,  of  which  Jussieu's 
may  be  looked  upon  as  the  basis;  and  we  shall  find 
the  greatest  botanists,  up  to  the  most  recent  period, 
recoguizing,  and  employing  themselves  in  improving, 
Jussieu's  Natural  Families;  so  that  in  the  progrees  of 

■°  fiU.  Sc.  AW.  I.  pp.  i»i,  too.  Awlgtliiiu:.  Me  Dmuerll,  Se.  XtL 

"  BprenpilJI.  jgSi  and,  ibcre  L  Act  jno- 
t\ai,Iea.  Finn  frrm^itc.l.i,},  l^^S.       >=  Rtxcns.    Llrm,    TV.    vol.  xL 

.Wrn,  Ae.  P.  i7tlS.     Joum.  HM.  CUKuU  ilao  lius  nu  COIj'ledoui. 
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ibis  part  of  our  knowledge,  vague  and  perplexing  as  it 
is,  we  h&ve  no  exception  to  our  generHl  apliorisiu,  that 
CO  real  aoquisition  in  scienoe  is  ever  discarded. 

The  reception  of  the  Bystera  of  Jiissien  in  tliia 
country  waa  not  so  re^dj  and  cordial  as  lliat  of  Lin- 
nteus.  As  we  have  already  noticed,  the  two  Kystema 
were  looked  upon  as  rivals.  Thus  Roscoe,  in  1810,'* 
endeavonrod  to  show  that  Jusaieu'a  system  was  not 
more  natural  than  the  LinnKan,  and  was  iul'urior  as  an 
artificinl  nysteui:  but  he  argues  his  points  as  if  Jua- 
sieu's  charactei-B  were  the  grounds  of  his  distribution; 
which,  as  we  liave  said,  is  to  mistake  the  construction 
of  a  natural  system.  In  1803,  Salisbury''*  had  already 
a.<isailed  the  machinery  of  the  system,  maintaining  that 
there  are  no  eases  of  perigynous  stamens,  as  Juiisieu 
assumes;  but  this  lie  urges  with  great  expressions  ot 
respect  for  the  author  of  the  method.  And  the  more 
profound  botauiste  of  England  aoou  showed  that  they 
cuald  a]>preciate  and  extend  the  natiU'al  method. 
Robert  Bi-own,  who  had  accomimnied  Captain  Flinders 
to  New  Holland  in  1801,  and  who,  after  examining 
that  country,  brought  home,  in  1805,  nearly  four 
thousand  species  of  ]>laubi,  was  the  most  UistingulBhed 
example  of  this.  In  liis  preface  to  the  I'Ttxiramiis 
FluTV-  Nocee  HoUandiee,  \a  says,  that  ho  tound  himself 
under  the  necessity  of  enjploying  the  natural  method, 
as  the  only  way  of  avoiding  seiioiLS  erroiir,  when  he 
had  to  dL-al  with  so  many  new  genera  aa  occur  in  New 
Holland;  and  that  he  has,  therefore,  followed  the 
method  of  Jusaiuu;  the  gi'eater  part  of  whose  orders 
are  truly  nntiind,  '  although  their  aiTaugement  in 
claesea,  as  is,'  he  says,  'conceded  by  their  author,  no 
less  candid  than  learned,  is  often  artificial,  and,  as 
appeiirg  to  me,  rests  on  doubtful  grouudH.' 

From  what  has  already  been  said,  the  reader  will, 
I  tmst,  see  what  an  extensive  and  exact  knowledge  of 
the  vegetable  world,  and  what  compreheiiaive  views  of 
affinity,  must  be  requisite  in  a  person  who  has  to 
modify  the  n^itural  system  so  as  to  make  it  suited  to 

■•  Linn.  TV,  ToJ  JcJ,  p.  so. 
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I  arrange  a  great  nnmlier  of  new  plants 
extremely  diffei-ent  from  the  genera  on  whicli  tl» 
mgement  waa  first  formed,  aa  the  New  Holland 
genera  for  the  most  part  were.  He  will  also  see  how 
impossible  it  must  be  to  convey  by  extract  or  descrip- 
tion any  notion  of  the  nature  of  these  modiUcalioiis: 
it  IB  enough  to  say,  that  they  have  exeited  the  applnuK 
of  botanists  wherever  the  science  is  studied,  and  that 
they  have  induced  M.  de  Humboldt  and  his  fellow- 
labourera,  themselves  botanists  of  the  first  miik,  to 
dedicate  one  of  their  works  to  him  in  terms  of  ll)s 
strongest  admiration."  Mr.  Brown  has  also  publiebed 
special  diiKjutsitions  on  pai'ts  of  the  Natural  System; 
as  on  Jas^eu'a  ProteaeeiE:^^  on  the  Amtlepiadeta,* 
natural  family  of  plants  which  must  be  separated  from 
Jtissieu's  Apoe/flierB:''^  and  other  similar  labours. 

We  liave,  I  tliink,  been  led,  by  our  survey  of  the 
liistoiy  of  Botany,  to  this  point; — that  a  Natnnl 
Method  directs  us  to  the  study  of  Physioloj^,  a*  Ibe 
ouly  means  by  which  we  ran  reach  the  object  Thi> 
conviction,  which  in  botany  onmes  at  the  end  of  i 
s  of  attempts  at  olasdification,  offers  itaiJf  at 
ODce  in  the  natural  history  of  animals,  whens  the 
physiological  signification  of  the  resemblances  and 
differences  is  so  much  more  obvious.  I  shnll  not, 
therefore,  consider  any  of  these  branches  of  natnral 
history  in  detail  as  examples  of  mere  claasilication. 
They  will  coma  before  us,  if  at  all,  more  properly 
when  we  consider  the  claasifi cations  which  depend  on 
the  functions  of  organs,  and  on  the  corresponding 
modifications  which  tbey  necessarily  undergo ;  that  is, 
when  we  trace  the  results  of  Physiology.  But  before 
we  proceed  to  sket«h  the  history  of  that  part  of  our 
knowledge,  there  are  a  few  points  in  the  progress  of 
Zoology,  understood  as  a  mere  classiScatory  acience, 
which  appear  to  me  sufficiently  instructive  to  make  it 
worth  our  while  to  dwell  upon  them. 


loriK  ■Iqnc  cwDBiiiEnlo,  loUm  Ho-        "  ■"""■  <>/  It'-vlurrlan  Ji.  H.  Sot. 
luieei  HlcnUam  ingeiiio  mii1fl«>    «ol.  i.  I8a9. 
HnplMIent),  &c. 
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!nd  Ed.]  [Mr.  Lindle/a  recent  work.  The  VegetaUe 
tgdirrn,  (1846,)  majbe  looked  upon  as  containiogtha 
;  view  of  the  recent  hiBtory  of  Syatematic  Botany, 
.he  Introduction  to  this  work,  Mr.  Lindley  has  given 
iccount  of  TdHona  recent  works  on  the  subject ;  as 
irdiisClaa^a  PlaTUaruin  {1836);  Perleb'a  ieArWA 
Nalttrijeaehiehte iler  Pflanzenreich  (iSafi);  Dumor- 
■a  FlorulaBdgica  (1827);  Bartling's Ordrww  JVo/u- 
*  Flanlarwm  (1830);  Heas'a  Uebergieht  dw  P/ui- 
iffenitrAen  Naiiitiic/ien  PflamenfamiUen,  ( 1 832I ; 
ulz's  Xatiirlieheti Si/steja  det  PfianzenreicliK  A831K 
raninow's  Primas  LinecK  St/alemaiis  A'atrtra  (1834); 
es'a  CoT/Tus  Florarum  provincialiiim  Suecia  (1835); 
rtins's  Coiiepectus  Segiii  VegelahUis  »ecundum  C/ta- 
'.rree  Morphologicon  (1835);  Sir  Edward  F.  Brom- 
d'a  System,  aa  published  in  the  Edh^mrgk  Jottrruil 
I  other  Journals  {1836-1840);  Eudlicher'a  Genera 
:ntarftm  aeeu/ndumOrdiiiet  NcU/urale»  diapomtaii^Z^- 
\6) ;  Perleb'a  Clavia  Clastinan  Ordijtum  et  Fami- 
•um  (1838);  Adolphe  Brongniart'a  Enumeration 
Genrex  de  PtarUeg  (1843);  Meisner's  Planlarum 
euliiritan  Gmera  aecundumOrdintt  Natwrales  digesla 
I43);  Horaninow'a  Telractyi  Naturm,  »eu  Syntema 
'tujiwinenibre  nrnniiim  Naliimliuiii  (1843);  Adrien 
Jussieu's  Cmira  Elementaire  d'llistoire  Nativrdle: 
rani/iv«  (1844). 

Ur.  Lindtey,  in  this  as  in  all  his  works,  nrgea 
ongly  the  superior  value  of  natural  as  compared 
t>h  artificial  syHteuiH;  liia  principles  being,  I  think, 
irly  such  as  I  have  attempted  to  ostabljiih  in  the 
tiloeopki/  of  the.  Sderteee,  Book  viii.,  Chapter  ii.  He 
,tee  that  the  leading  idea  which  has  been  kept  in  view 
the  compHation  of  hia  work  is  this  maxim  of  Fries  : 
ingiila  sphiera  (sectio)  ideam  qitandam,  expouit,  in' 
que  ejus  character  notione  simplici  optinie  expri- 
tur ;'  and  he  ia  hence  led  to  think  that  the  true  cha- 
rters of  all  natui'al  assemblages  are  extremely  simple. 
One  of  the  leading  features  in  Mr  Lindley's  system 
that  he  lias  throwTi  tbe  Natiinil  Orders  into  groups 
bordtnate  tn  the  higher  divisions  of  Classes  and 
lb-classes.     He  had  already  attempted  this,  m  uolW 
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tion  of  AgsrdL  and  Bartling,  iu  bis  Nixiu  Planlanvi, 
(1833.)  The  groups  of  Natunil  Orders  were  there 
called  Nirmji  (tendencies);  and  tbey  were  denoted  bj 
nfttnea  ending  in  ales:  but  these  groups  were  fiirthd 
subordinated  to  Coliorts.  Thus  the  first  member  of 
the  arrangement  was  Class  I.  Exogen.s.  Sub-olaa  L 
PoltpetaljE.  Cohort  l  Ai^uhimos£.  Nixa*  L 
Sanales.  Natural  Orders  included  in  this  Sveui, 
Bftnunculaceee,  Samcenicece,  FapaTerttceie,  &c  In  the 
Ftyetable  Kingdom,  the  groups  of  NnturaJ  Orders  are 
termed  AUiances.  In  this  work,  the  Sub-classes  of  tbe 
EioaENS  are  four:  I.  Dicijnoub;  11.  Hvpogynous; 
III.  Pekiotnous;  iv.  Epigtwous;  and  the  AUiance* 
are  subordiuated  to  these  without  the  intervention  of 
Cohort*. 

Mr.  Lindle^f  has  alao,  in  this  as  in  other  vorks, 
given  English  names  for  the  Katural  Orders.  Tbiu 
for  NympJuicefe,  Ranuncidacece,  TantarieatetE,  Zygo- 
phj/tlacece,  Eleatniuuxcr;  ho  substitutes  Watei^LUiesi 
Crowfoots,  Tamarisks,  Beau-Capeis,  and  Wator- 
Peppers ;  for  Molvacem,  A  uratdiaeem,  Genlianaeea, 
Primutacea-,  Urliaceo!,  Euphorbiacat,  he  employe 
Mallow- worts,  Citron-worta,  Gentian-worta,  Prim- 
worts,  Nettle-worts,  Spurge-worts;  and  the  term) 
Orchids,  Hippurids,  Amaryllids,  Irids,  Typhads,  Arada, 
Cucurbits,  are  taken  as  English  ec|uiTa]ents  for  Orchi- 
daeete,  Ualoragacea;,  AnuuyUidacere,  Iridacere,  Typfm- 
cea,  ArcKete,  Cucuirbitaeece.  All  persons  who  wish 
success  to  the  study  of  botany  in  England  must  reJMCs 
to  see  it  tend  to  assume  this  idiomatic  shape.] 


CHAPTER  VI. 
The  Fbooress  of  Systematic  Zooloot. 

THE  history  of  Syatemntic  Botany,  aa  we  Lave 
prcsente<l  it,  may  be  considered  aa  a  sufficient 
type  of  tLe  general  order  of  progreBsion  in  the  sciences 
of  classili cation.  It  haa  appenred,  in  the  survey  which 
we  have  had  to  give,  that  this  science,  no  less  than 
those  which  we  first  considered,  has  been  formed  by  a 
aeriee  of  iDductive  processes,  and  has,  in  its  histoiy, 
Epochs  at  which,  by  such  processes,  decided  advanced 
were  made.  The  important  step  in  such  cases  is,  the 
seizing  upon  acme  artificial  mark  which  conforma  to 
natural  resemblances; — some  ha«is  of  arrangement 
and  nonienclaturc  by  means  of  which  true  propositiona 
of  considerable  generality  can  be  enunciated.  The 
advance  of  otJier  elaasificatory  sciences,  as  well  aa 
botany,  must  consist  of  such  steps;  and  their  courae, 
like  that  of  botany,  must  (if  we  attend  only  to  the 
real  additions  made  to  knowledge,)  be  gradual  and 
progressive,  from  the  earliest  timee  to  the  present 

To  exemplify  this  contitined  and  constant  progres- 
sion in  the  whole  range  of  Zoology,  would  require  vast 
knowledge  and  great  labour;  and  is,  perhaps,  the  leas 
necesaary,  after  we  have  dwelt  so  long  on  the  history 
of  Botany,  considei'ed  in  the  same  point  of  view.  But 
there  are  a  few  observations  respecting  Zoology  in 
general  which  we  are  led  to  make  in  consequence  of 
statements  recently  promulgated;  for  these  statements 
seem  to  represent  the  history  of  Zoology  as  having 
followed  a  course  very  different  from  that  which  we 
have  just  ascribed  to  the  elaasificatory  acieucea  in 
general.  It  la  held  by  some  naturalists,  that  not 
only  the  formation  of  a  systematic  classification  in 
Ziioiogy  dates  as  far  back  as  Aristotle;  but  that  his 
classification  is,  in  many  respects,  superior  to  some  of 
the  most  admired  and  recent  attempts  of  modem 
timea. 
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If  this  wore  really  the  case,  it  would  show  that  nl 
least  the  iden  of  a  Sjst«inatic  Clasaificatioii  bad  b««D 
formed  and  developed  long  previoua  to  the  period  tt 
which  we  have  osHigned  stich  a  step ;  aod  it  would  b« 
difficult  to  recoucile  such  an  early  maturity  of  Zoology 
with  the  conviction,  which  we  have  had  imprcawd 
vpoa  us  by  the  other  parts  of  our  history,  that  not 
only  labour  but  time,  not  only  one  man  of  genius  but 
several,  and  those  succeeding  each  other,  are  requisite 
to  the  formation  of  any  considerable  science. 

But,  in  reality,  the  statements  to  which  we  rtter, 
respecting  the  scientific  character  of  Aristotle's  Zoctio- 
gical  ayateni,  are  altogether  without  foundation;  ud 
this  science  confirms  the  lessons  taught  us  by  all  1^ 
others.  The  misstatemeuta  respecting  ArtstotU'l 
doctrines  are  on  this  account  so  important,  and  mceio 
curious  in  themselves,  that  I  must  dwell  iijion  them  A 
Uttle. 

Aristotle's  nine  Books  On  AnimaU  are  a  voA 
enumerating  the  differences  of  animals  in  almost  lU 
conceivable  respects; — in  theorgBTiBofaense,of  motiWi 
of  nutrition,  the  interior  anatomy,  the  esterior  ouTOS 
ing,  the  manner  of  life,  growth,  generation,  and  many 
other  circumstances.  These  differences  are  very  phi- 
losophically estimated.  '  The  corresponiliug  parts  of 
animals,'  he  says,'  '  besides  the  difiereuces  of  quality 
and  circumstance,  differ  in  being  more  or  fewer,  greatcr 
or  smaller,  and,  speaking  generally,  in  excess  and 
defect.  Thus  Bome  animals  have  cTustaceous  coveringi, 
others  hard  shells;  some  have  long  beaks,  some  short; 
some  have  many  wings,  some  have  few.  Some  again 
have  parts  which  othei-s  want,  as  crests  and  spurs.' 
He  then  makes  the  following  imjiortant  reniark: 
'  Some  animals  have  parts  which  correspond  to  those 
of  others,  not  as  being  the  aame  in  species,  nor  hj 
excess  and  defect^  but  by  attalogy;  thus  a  claw  is 
analogous  to  a  thorn,  and  a  nail  to  a  houf,  and  a  band 
to  the  nipper  of  a  lobster,  and  a  feather  to  a  scale; 
for  what  a  feather  is  in  a  bird,  that  is  a  scale  ii 
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It  will  not,  however,  be  ueeessaiy,  in  order  to 
trnderataad  Aristotle  for  our  present  purpose,  that  we 
shoold  discuss  his  notion  of  Analogy.  He  proceeds  to 
state  his  object,'  which  is,  as  we  hare  aaid,  to  describe 
the  differencee  of  animals  in  their  stmctnre  and  habits. 
He  then  observes,  that  for  strncture,  we  may  take 
Man  for  our  type,*  us  being  beat  known  to  us ;  and  the 
remainder  of  the  first  Book  is  ocinipied  with  a  descrip- 
tion of  man's  body,  beginning  from  the  head,  and  pro- 
ceeding to  the  extremities. 

In  the  next  Book,  (from  which  are  taken  the  prin- 
cipal passages  in  which  his  modem  comuieutators 
detect  his  aystem,)  he  proceeds  to  compare  the  differ- 
ences of  parts  in  different  animals,  according  to  the 
order  which  he  had  observed  in  man.  In  the  first 
chapter  he  speaks  of  the  head  and  neck  of  unimals;  in 
the  second,  of  the  {larts  analogous  to  arms  and  hands; 
in  the  third,  of  the  breast  and  paps,  and  so  on;  and 
thus  he  cornea,  in  the  seventh  chapter,  to  the  legs, 
feet,  and  toes;  and  in  the  eleventh,  to  the  teeth,  and 
so  to  other  gtarta. 

The  construction  of  a  classification  consists  in  the 
selection  of  certain  parts,  oh  those  which  shall  emi- 
nently and  jieculiarly  determine  the  place  of  each 
species  in  our  arrangement.  It  is  clear,  therefore, 
that  such  an  enumeration  of  differences  us  we  have 
described,  supposing  it  complete,  contains  the  mate- 
rials of  all  ])OSsible  classifications.  But  we  con  with 
no  more  propriety  say  that  the  author  of  such  an 
enuinemtion  of  diiferences  is  the  author  of  any  classi- 
fication which  can  be  made  by  means  of  them,  than 
we  can  say  that  a  man  who  writes  down  the  whole 
alphabet  writes  down  the  solution  of  a  given  riddle  or 
the  answer  to  a  particular  question. 

Yet  it  is  on  no  other  ground  than  this  enumeration, 
BO  far  as  I  can  discover,  that  Aristotle's  'Bystem'  has 
been  so  decidedly  spoken  of,^  and  exhibited  in  the 
most  formal  tabular  shape.  The  authors  of  this  S;/a- 
lema  Ariatotdicum,  have  selected,  I  presume,  the  ibl- 

u  TVantKd'ofU,  TQt.  xtI.  p.  i^ 
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lowing  pnsgngea  from  the  work  On  Animalt,  as  thej 
might  l)a\e  selected  any  other;  and  by  arrangi^ 
them  according  to  a  anbordiuatioii  uuknovcD  to 
Aristotle  liimxelf,  have  made  for  him  a  scheme  whidi 
nndoubtedly  liears  a  great  resanihlance  to  the  mMl 
complete  ayatems  of  modem  times. 

Book  I.,  chap,  v, — 'Some  animals  are  TiTiparao^ 
some  OTiparoua,  some  rermiparoiis.  The  vivipuMt 
are  such  bs  mau,  and  the  horae,  and  all  those  auimih 
whiuh  hsve  hair ;  and  of  aquatic  auimula,  the  whale 
kind,  as  the  doljihin  and  cartilaginous  fishes.' 

Book  II.,  chap.  vii. — 'Of  quadrupeds  which  hxn 
blood  and  are  viviparous,  some  are  (aa  to  their  extre- 
mities,) many-cloven,  as  the  hands  a:id  feet  of  muk 
For  Home  ure  many-t-oed,  a*  the  lion,  the  dog,  ibt 
panther;  some  are  bifid,  nnd  have  hoofs  instead  of 
nails,  as  the  sheep,  the  goat,  the  elephant,  the  liip|»- 
potamus;  and  some  have  undivided  feet,  as  thesalid- 
houfed  animals,  the  horse  and  asa.  The  swine  kind 
share  both  clmtactpra.' 

Chap.  ii. — 'Animals  have  also  great  difierencea  in 
the  teeth,  both  when  compared  with  each  other  ind 
with  man.  For  all  quadrupeds  which  have  blood  nnd 
are  vivijiarouB,  have  teeth.  And  in  the  lirst  plnm 
some  are  ambidental,'  (having  teeth  in  botli  jaws;)  nsd 
some  are  not  so,  wanting  the  fruut  teeth  in  the  wpp^t 
jaw.  Bome  have  neither  front  teeth  nor  horns,  aft  \iM 
camel ;  some  have  tusks,*  as  the  boar,  some  have  not 
Some  have  serrated'  teeth,  »s  the  lion,  the  panther, 
the  dog;  some  have  the  teeth  unvaried,*  its  the  hone 
and  the  ox;  for  the  animala  which  vary  their  cutting- 
t«eth  have  all  serrated  teeth.  No  anioiul  has  hoiJi 
tusks  and  horns;  nor  has  any  animal  with  serrated 
teeth  either  of  those  weapoua.  The  greater  part  ha-n 
the  front  teeth  cutting,  and  those  within  brtrnd.' 

These  passages  undoubtedly  contain  most  at  &t 
diSerences  on  which  the  aaaerted  Anstotelian  1  Imwli 
cittion  rexta;  but  the  dassifioation  is  formed  by  nsBf 


s  drawn  from  the  teeth,  in  order  to  sub- 
tle thoBB  taken  from  the  feet ;  whereas  in  Anstotle 
le  two  sets  of  characters  stand  aide  by  side,  along 
li  dozens  of  others;  any  selection  of  which,  em- 
'ed  according  to  anj  arbitraiy  method  of  subor- 
itjon,  might  with  equal  justice  be  called  Aristotle's 

IHij,  for  instance,  ia  order  to  form  eubdivisiona  of 
nals,  should  we  not  go  on  with  Aristotle's  con- 
latioQ  of  the  second  of  the  above-quoted  passngea, 
ead  of  capriciously  leaping  to  the  third)  '  Of  these 
«  have  horns,  some  have  Done  .  .  .  Some  have  a 
■fejoint,'  some  have  none  ...  Of  those  whioh 
Bkorna,  some  have  them  solid  throughout,  as  the 
Bothers,  for  the  most  part,  hallow  .  .  .  Some  cast 
r  horns,  some  do  not.'  If  it  be  repUed,  that  we 
Id  not,  by  means  of  such  characters,  form  a  tenable 
ogical  system ;  we  again  ask  by  what  right  wa 
ime  Ariittotle  to  have  made  or  attempted  a  sya- 
atic  arraagement,  when  what  he  has  written,  takea 
its  natural  order,  does  not  admit  of  being  con- 
,ed  into  a  system. 

LAain,  what  is  the  object  of  any  classification! 
t  At  least,  among  othera.  To  enable  the  person 
Bwea  it  to  study  and  deiicribe  more  coiiveuiently 
Puecte  thus  classified.  If,  therefore,  Aristotle  liad 
Bid  or  adopted  any  system  of  arrangement,  we 
lid  see  it  in  the  order  of  the  subjocts  iu  his  work, 
ordingly,  so  far  as  he  has  a  system,  he  professes  to 
:e  thia  use  of  it.  At  the  beginning  of  the  fifth 
ik,  where  he  is  proceeding  to  treat  of  the  different 
les  of  generation  of  animals,  he  says,  *  As  we 
aerly  made  a  Division  of  animals  according  to 
r  khidii,  we  must  now,  in  the  same  manner,  give  a 
eral  survey  of  their  History  (Otuipiay).  Except, 
Md,  that  in  the  former  case  we  made  our  com- 
icemeut  by  a  description  of  man,  hut  in  the  present 
c  must  speak  of  him  last,  because  he  requires 

*  ' AvrfidyaKav. 
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most  study.  Wc  must  hvgin  then  with  those  nDinudi 
whicb  have  sheila :  we  must  go  on  to  those  which 
have  softer  coverings,  aa  cruBtacca,  Bott  uiimaJs,  ud 
insects;  after  these,  lisUcs,  both  viviparous  and  ori- 
pfiroua ;  then  birds ;  theu  land  animals,  both  viviparoBt 
and  oviparous.' 

It  is  clear  from  this  passage  that  Aristotle  hi 
certaio  wide  and  indefinite  views  of  claiwlficatiin, 
which  though  not  very  exact,  are  still  highly  credit- 
ftble  to  biraj  but  it  is  equally  clear  that  be  was  qnita 
unconscious  of  the  clasaili cation  that  has  l>een  ascribed 
to  him.  If  he  had  adopted  that  or  any  other  sysloB, 
this  was  precisely  the  place  iu  which  be  must  bsn 
referred  to  and  employed  it 

The  honour  due  to  the  stupendous  accumulation  <f 
zoological  knowledge  which  Aristotle's  works  conCsioi 
cannot  be  tarnished  by  our  denying  him  the  ere^tof 
tt  system  which  he  never  dreamt  of,  and  which,  &«a 
the  nature  of  tlie  progress  of  science,  (»)uld  not  pc«ib^ 
be  constructed  at  that  period.  But,  in  reality,  ve  naj 
exchange  the  mistaken  claims  which  we  have  be«n  ooii> 
testing  for  a  better,  because  a  truer  praise.  Arislatl* 
does  show,  sa  far  as  could  be  done  at  his  time,  t.  ps- 
ceptiou  of  the  need  of  groups,  and  of  names  of  groapt, 
in  the  study  of  the  animal  kingdom  ;  and  thus  ia»j 
justly  he  held  up  as  the  great  figure  in  the  PreJu^  le 
the  Formation  of  Systems  which  took  plitce  in  mon 
advanced  scientific  times. 

This  appears,  in  some  measure,  from  the  paasii^  lut 
quoted.  For  not  only  is  there,  in  tliat,  a  clew  ntof- 
nition  of  the  value  and  object  of  a  method  in  natonl 
history ;  but  the  general  arrangement  of  the  animal 
kingdom  there  proposed  has  considerable  ecJentific 
merit,  and  is,  for  the  time,  very  pliilcrsophicaL  But  them 
are  passages  in  his  work  in  which  he  shows  a  wish 
to  cai-ry  the  jiriuciple  of  arrangement  more  into  detsiL 
Thus,  in  the  first  Book,  before  pi-oceeding  to  his  survey 
of  the  difiereiww  of  animals,^"  after  speaking  of 


ng  of  rot    ) 


PROGRESS   OF   STSTEMATIC  ZOOLOGY. 

B  an  Quadrupe<la,  Bird«,  Fishes,  Cetaceotts,  Testa- 
is,  Cruslaceous  Aiiiniala,  Molliisks,  Insecta,  he  says, 

iDimala  cannot  be  divided  into  large  geoera,  in 
ch  one  kind  includes  many  kinds.  For  some  kinds 
unique,  and  have  no  differencu  of  species,  us  rifan. 
ill  kinds,  bat  bavo  no  names  for  them, 
i  all  quadru|)ed9  which  have  not  wings,  have  blood. 
of  these,  some  &re  Tiviporous,  some  oviparous, 
e  which  are  riviparous  have  not  all  hair;  those 
ch  are  oviparous  Lave  scales.'  We  have  here  a 
life&tly  intentional  subordination  of  chaructcra; 
a  kind  of  re^iret  that  we  have  not  names  for  the 
les  here  indicated  J  such,  for  instance,  aa  viviparous 
irui)eds  having  hair.  But  he  follows  the  subject 
ffcrther  detaiL  'Of  the  class  of  viviparous  lyasv 
he  continues,  'there  are  many  genera,"  but 
ftre  without  names,  except  specific  names, 
lion,  slag,  horge,  clog,  and  the  lika  Yet 
of  animals  tliat  have  names,  as  the 
he  oreut,  the  <jinnut,  the  innua,  and 
b  in  Syria  is  called  hemin/iu  (mule); 
'flailed  midai  from  their  resembliince  only; 
being  mules,  for  they  breed  of  their  own  kind, 
lerefore,'  he  adds,  that  ia,  because  we  do  not  possess 
agnized  genera  and  generic  names  of  this  kind,  '  we 
st  take  the  species  sejiarately,  and  study  the  nature 
Bch.' 

These  passages  afford  us  sufficient  ground  for  placing 

iatotle  at  the  liead  of  those  naturalists  to  whom  the 

I  of  the  necessity  of  a  zoological  system  are 

was,  however,  very  long  before  any  worthy 

appeared,  for  do  a<lditional  step  wtui  mode 

■n  times.    When  Natural  History  again  came 

'studied  in  Nature,  the  business  of  classi&cntion, 

Lve  seen,  forced  itself  upon  men's  attention, 

pursued  with  interest  in  animals,  as  in  plants. 
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The  steps  of  ite  advance  were  aimilitr  io  the  two  csjiea; 
— by  sncceBsive  DataraluttH,  various  aystemB  of  artificial 
marks  were  selected  with  a  view  to  precision  and  CUD- 
renience; — and  these  artificial  systems  aaauined  the 
existence  of  certain  natural  groupa,  and  of  a  natqrsl 
sys^m  to  which  t)iey  gradually  tended.  But  then 
was  this  difference  betweea  botany  atid  zo«l<^y: — 
tbe  reference  to  physiological  principles,  wliicfa,  as  t« 
have  remarked,  influenced  the  natural  syst«niB  of  rtga- 
tables  in  a  latent  and  obscure  manner,  botanieta  being 
guided  by  its  light,  but  hanlly  aware  that  they  who 
ao,  affected  the  study  of  systematic  Eoology  mon 
directly  und  evidently.  For  men  can  neither  overlook 
the  general  physiological  features  of  animals,  nor  avoid 
being  swayed  by  them  in  their  jndgmentx  of  ths 
affinities  of  different  species.  Thus  the  claxsificatJoiK 
of  zoology  tended  more  and  more  to  a  union  with 
com[>arative  anatomy,  as  the  science  wns  more  ud 
more  improved."  But  comparative  anatomy  belongt 
to  the  subject  of  the  next  Book;  and  anytJiiug  it 
may  be  proper  to  say  rBs[)ecting  ite  influence  upon 
zoological   arrangements,  will   pro|>er]y  find  a  pU«a 

It  will  ap|>ear,  and  indeed  it  hardly  re«|uires  to  be 
proved,  that  those  steps  in  Bystematic  zoology  whid 
are  due  to  the  light  thrown  upon  the  subject  by  phy- 
siology, are  the  result  of  a  long  Beries  of  labours  bj 
various  naturalists,  and  have  been,  like  other  advancn 
in  science,  led  to  and  produced  by  the  general  pri^resi 
of  such  knowledge.  We  can  hardly  expect  that  the 
elassificatory  sciences  can  undergo  any  material  tBi' 
provemeut  which  is  not  of  this  kind.  Very  recently, 
however,  some  authors  have  attempted  to  introduw 
into  these  sciences  certain  principles  which  do  not,  at 
first  sight,  appear  as  a  continuation  and  extensiMi  of 
the  previous  researches  of  comparative  anatomiata.  I 
speak,  in  particular,  of  the  doctrines  of  a  OreularPn- 
gretsion  in  the  sei-ies  of  affinity;  of  a  Qainary  Divuian 

>>  Culler,  Lrs.d'A^iat.  Cimp.  tqI,  i.  p,  17. 
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i  mch  ciKuUr  groapa ;  And  of  b  relation  of  A  aalogtf 
etween  the  membera  of  such  groups,  entirely  distinct 
•oia  tlte  relation  of  Affinily. 

The  doctrine  of  Circular  ProgrcsBion  hits  been  pro 
landed  principally  by  Mr.  Macleay;  although,  as  he 
u  shown,'*  there  are  sn°gcstioaB  of  the  rame  kind  to 
B  fbund  in  other  writerB.  So  far  as  this  view  n€^a- 
ves  the  doctrine  of  a  mere  linear  progression  in 
itnre,  which  would  place  each  genus  in  contact  only 
iiki  the  preceding  and  succeeding  ones,  and  so  far  as 

requires  ns  to  attend  to  more  varied  and  ramified 
Memblancea,  there  can  be  no  doubt  that  it  is  supported 
<f  the  result  of  all  the  attempts  to  form  natural  sys- 
ima.  But  whether  that  aasemblage  of  circles  of 
Tongement  which  is  now  offered  to  naturalists,  be 
le  true  and  only  way  of  exhibiting  the  natural  rela- 
ona  of  organized  bodies,  is  a  much  more  difficult 
ieation,  and  one  which  I  shall  not  here  attempt  to 
[amine;  although  it  will  be  found,  I  think,  that  thoso 
lalogies  of  science  which  we  have  had  to  study,  would 
at  fail  to  throw  Bonie  light  upon  such  an  inquiry, 
he  prevalence  of  an  invariable  numerical  law  in  the 
ivisionB  of  natural  groups,  (as  the  number  Jive  is 
iserted  to  prevail  by  Mr.  Macleay,  the  number  ten  by 
ties,  and  other  numbers  by  other  writers,)  would  bis 
curious  fact,  if  eatabli«hed;  but  it  is  easy  to  see  that 
ithisg  short  of  the  most  consummate  knowledge  of 
Uural  history,  joined  with  extreme  cIcamesB  of  view 
id  calmness  of  judgment,  could  enable  any  one  to 
ronounce  on  the  attempts  which  have  been  maile  to 
iablish  snch  a  principle.  But  the  doctrine  of  a  rela- 
on  of  Analogy  distinct  from  Affinity,  in  the  manner 
hich  has  recently  been  taught,  seems  to  be  obviously 
;  variance  with  that  gradual  approximation  of  the 
asaficatory  to  the  physiological  sciences,  which  has 
ipeared  to  us  to  be  the  general  tendency  of  real 
i^owledge.  It  seems  difficult  to  understand  how  a 
o  such  relations  as  those  which  are  offered 

"  Linn.  TVflW.  tdI.  hiL  p.  9. 
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'  can  be  otherwise  tlian  i 


ig6 

as  examples  of  aiial< 
retrograde  step  ' 

Without,  however, 
I  wi]l  treat  a  little  mi 
of  Zoology. 

[and  Ed.]  [For  the  more  recent  progress  of  Systematic 
Zoology,  see  in  the  Reports  of  the  British  Association, 
in  1834,  Mr.  L.  Jenyna'a  Report  on  tli«  Recent  Progf*» 
and  Present  State  o/Zooiogy,  and  in  1844,  Mr,  Striek- 
land'e  Report  on  l/ie  Recent  Progresa  and  PrtgetU  Stett 
qf  Ornithology.  In  these  Keports,  the  questions  of  tbe 
Circular  Arrangement,  the  Quinary  System,  and  tb» 
relation  of  Analogy  and  Affinity  are  discussed.] 

>*  For  oIBtnple,  Ibe  goltaurkcr  of  Ibe  diy.  tnd  fCed  In  ^  OM 

baiu  n^ntlirwlih  the  swullowi  mail  our.  —  Swainioii,   0«vr^ 

but  Ithu  *aiaialom-*Vi\\bK  li»t,  oiii/C3ais((Icaiion(ii'^nfa«l>,p.i«. 
beouM  bolh  flj  at  Cbe  Minn  ligur 
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CHAPTER  VIT. 
TttK  Proobess  of  Ichthtoloot. 


IF  it  bad  been  already  observed  and  admitted  that 
eaieDtxs  of  the  same  kind  follow,  and  intist  follow, 
the  same  couree  in  the  order  of  their  developement,  it 
would  he  unDecesHarj  to  give  a  history  of  anj  special 
branch  of  Systematio  Zoology;  since  bot&ny  baa  already 
afforded  us  a  sufficient  esamjile  of  the  progress  of  the 
classificatory  soiences.  But  we  may  be  excused  ibr 
introducing  a  sketch  of  the  advance  of  one  department 
of  zoology,  unce  we  are  led  to  the  attempt  by  the 
peculiar  advantage  we  possess  in  having  a  complete 
history  of  the  subject  written  with  great  care,  and 
brought  op  to  the  present  time,  by  a  naturalist  of 
unequalled  talents  and  knowledge.  I  speak  of  Cuvier'a 
UitUyrical  View  of  IdiUiyolugy,  which  forms  the  first 
chapter  of  his  great  work  on  that  part  of  natural  history. 
The  place  and  office  in  the  progress  of  this  science, 
which  is  assigned  to  each  person  by  Cuvier,  will  pro- 
bably not  be  lightly  contested.  It  will,  therefore,  be 
no  small  confirmation  of  the  justice  of  the  views  on 
which  the  distribution  of  the  events  in  the  history  of 
botany  was  founded,  if  Cuvier's  representation  of  the 
history  of  ichthyology  offers  to  us  obviously  a  distribu- 
tion almost  identical 

We  shall  find  that  this  is  so; — that  we  have,  in 
■oology  afi  in  botany,  a  period  of  unsystematic  know- 
ledge; a  period  of  miiutpplied  erudition;  an  epoch  of 
the  discovery  of  fixed  characters;  a  period  in  which 
nuiny  systems  were  put  forwards;  a  stru^le  of  an 
Krtifioial  and  a  natural  method ;  and  a  gradual  tendency 
of  the  natural  method  to  a  manifestly  pbysiologiod 
ob&racter.  A.  few  references  to  Cuvier's  history  will 
enable  us  to  illustrate  these  and  other  analogies. 

Period  of  Unsystematic  Knowhdffe. — It  would  be 
eaay  to  collect  a  number  of  the  fabulous  stories  of  early 
times,  which  formed  a  portion  of  the  intaginary  htow- 
Udge  of  men  conccrniu^  oniniaJa  as  well  aa  Y^U^a. 
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But  [Mssmg  over  these,  we  come  to  a  long  period  ta 
a  great  collectioti  of  writers,  who,  in  Tariotis  via.ys,u 
with  various  degrees  of  merit,  contributed  to  augment 
the  knowleiige  which  ejiated  coocemiag  fish,  while  ■ 
jet  there  was  hardly  ever  any  attempt  at  a  classific*- 
tion  of  that  province  of  the  animal  kingdom.  Anuog 
these  writ«rs,  Aristotle  is  by  far  the  must  important 
Indeed  he  carried  on  hii)  zoological  researches  QndH 
advantagcH  which  rarely  fall  to  the  lot  of  the  uita- 
ralist;  if  it  be  true,  as  Xthepsus  and  Pliny  state,*  t^ 
Alexander  gave  him  sums  which  amounied  to  niaa 
hundred  talents,  to  enable  him  to  collect  materiill 
for  his  history  of  animals,  and  put  at  his  dispoad 
several  tbouEauda  of  men  to  be  employed  in  huntiiij 
fishing,  and  procuring  information  for  hjin.  The 
workfl  of  hia  on  Natui-al  History  which  remain  to  n» 
are,maeBo6kaO/tlieMi»toryofAnimai»;  foDr,0)iM« 
Jfarts  oj  Awmals;  five,  On  the  GeneratioH  <if  Animutt, 
one,  Oil  tite  Going  o/AnUnala;  one,  0/  tha  SmtaHtm, 
and  the  Orgam  of  litem;  one,  On  SUeinng  and  WaHnf; 
one.  On  lite  Motion  o/AnimaU;  one.  On  l/ie  LengAani 
Siiortneag  of  Life;  one,  On  Yovlli  ami  Old  Agt;  00m,  0* 
Life  and  Death;  one,  On  Respiration.  The  knowledn 
of  the  external  and  internal  coufbrmatiou  of  nninwl^ 
their  habits,  instincts,  and  uses,  which  Aristotla  d»- 
plays  in  these  works,  is  spoken  of  oa  something  wondBT- 
ful  even  to  the  naturalists  of  our  own  time.  And  }u 
may  bo  taktja  as  a  aulficient  representative  of  tba 
whole  of  the  period  of  which  we  speak ;  for  he  ia,  atys 
Cuvier,^  not  only  the  firat,  hut  the  only  one  of  thi 
ancients  who  has  treated  of  the  natural  history  of  fiahc* 
(the  province  to  which  we  now  confine  ourselves,)  in  » 
scientific  point  of  view,  and  in  a  way  which  shows  geniua 
We  may  pass  over,  therefore,  the  other  andeut 
authors  tktm  whose  writiugs  Cuvicr,  with  great 
learning  and  sagacity,  has  levied  contributions  to  Hm 
history  of  ichthyology;  as  Theophrastus,  Ovid,  Plinj, 
Oppian,  Athenreua,  .^lian,  Ausonius,  Galen.  We  m^, 
too,  leave  nnuoticed  the  compilers  of  the  middle  a| 
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ffid  little  but  abstract  and  disfigare  the  portions 
atnnil  history  which  they  found  in  the  ancients. 
hyological,  like  other  knowledge,  was  scarcely 
ht  except  in  books,  and  on  that  very  account  was 
understood  when  it  was  found. 
friod  of  Erwiition. — Better  timea  at  length  camfl, 
men  began  to  observe  nature  for  themselves.  The 
e  great  authors  who  are  held  to  be  Uie  founders 
lodem  ichtliyology,  appeared  in  tlie  middle  of  the 
^eath  ceutury;  the^ie  were  BSloo,  Rondelet,  and 
iani,  who  all  publiiihed  about  1555.  All  the 
e,  very  diderent  &om  the  compilers  who  filled  the 
rval  from  Aristotle  to  theui,  themselves  saw  and 
uined  the  flsbee  which  they  describe,  and  hava 
a  faithful  representations  of  them.  But,  resembling 
wX  respect  the  founders  of  modem  botany,  Bra»- 
In,  Biiellins,  Tragus,  and  others,  they  resembled 
1  in  this  also,  that  they  attempted  to  make  their 

observuttons  a  commentary  upon  the  ancient 
era.  Faithful  to  the  spirit  of  their  time,  they  are 
nore  careful  to  make  out  the  names  which  each 
bore  in  the  ancient  world,  and  to  bring  together 
ps  of  their  history  from  the  authors  in  whom 
e  names  occur,  than  to  describe  them  in  a  lucid 
ner;  so  that  without  their  figures,  eays  Cuvier,  it 
Id  be  almost  as  difficult  to  discover  their  species  aa 
e  of  the  ancienta 
he  difficulty  of  describing  and  naming  species  so 

they  can  be  recognized,  is  little  Qp|ireciated  at 
,  although  it  is  in  reality  the  nmin-spriug  of  the 
ress  of  the  sciences  of  classification.  Aristotle 
T  dreamt  that  the  nomenclature  which  w&a  in  use 
is  time  could  ever  become  obscure;^  hence  he  has 
n  no  precaution  to  enable  his  readers  to  recognize 
species  of  which  he  speaks;  and  in  him  and  in 
r  ancient  authors,  it  requires  much  labour  and 
t  felicity  of  divination  to  dettrmine  what  the 
EB  mean.     The  perception  of  this  difficulty  among 

n  naturalists  led  to  systums,  and  to  nomenclature 
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founded  upon  sjatem;  but  these  did  Dot  come  into 
being  immediately  at  the  time  of  which  we  speak; 
r  till  the  evil  hod  grown  to  a  more  inconvenient 


I 


Period  of  AeeuTiMlation  of  Materinh.  Exotic  Col- 
leetuyui. — The  fishes  of  Euivipe  were  tor  some  time  tite 
principal  objects  of  study;  but  those  of  distant  regiou  I 
Boon  came  into  notic&*  In  the  seventeenth  oeutuiy 
the  Dutcli  conquered  BrezU,  and  George  Maignva, 
employed  by  them,  described  the  natural  produotioni 
of  the  country,  and  especially  the  fishes.  Bontdm^  in 
like  manner,  described  some  of  those  of  Batank  I 
Thus  these  writers  correspond  to  Rumphius  andRheede 
in  the  histoiy  of  botany.  Many  others  might  be  men- 
tioned; butwemuat  hasten  to  tile  formation  of  systemic 
■which  is  our  main  object  of  attention. 

Epoch  of  Ok  Fixation  of  Ckaravterg.  Ray  and 
Willoughby. — In  botany,  as  we  have  seen,  though  Kay 
was  one  of  the  first  who  invented  a  connected  iystem, 
he  was  preceded  at  a  considerable  interval  by  Cnal- 
pinus,  who  had  given  a  genuine  solution  of  the  name 
problem.  It  is  not  difficult  to  assign  reasons  why  a 
sound  classification  should  be  discovered  for  plants  >t 
an  earlier  period  than  for  fishes.  The  vastly  greatet 
nnniber  of  the  known  species,  and  the  facilities  which 
belong  to  the  study  of  vegetables,  give  the  botanists 
great  advantjige  ;  and  there  are  numerical  relations  of 
a  most  definite  kind,  (for  instance,  the  number  of  puis 
of  the  seeil-veasel  employed  by  Cffisalpinus  as  one  of  the 
bases  of  his  system,)  which  are  tolerably  obvious  la 
plante,  but  which  are  not  easily  discovered  in  animsk 
And  thus  we  find  that  in  ichthyology,  Kay,  with  his 
pupil  and  fi'iend  Willoughby,  appears  as  the  first 
founder  of  a  tenable  system.' 

The  first  great  division  in  this  system  is  into  eard'- 
laginotis  and  bony  fishes;  a  primary  division,  which 

•  Co*,  p.  43.  rwognovll,  MipUHt,    nipple*)t< 

'  FruiciKlWIUoUKlibellpArml-    librDm  etUm  primam   el    leok- 

ttti,  dc  HMoHa  PiKiun.  Ktni  ir.    dum  idjcclt  Job.  Hniiu.    Oinir<t. 
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B  recognized  by  Aristotle,  itnd  is  retiiined  by 
^  his  latest  labours.  Tlie  subdivisions  are 
ned  by  the  general  form  of  the  ilsh,  (ds  long  or 
'  the  teeth,  the  presence  or  absence  of  venti'sl 
I  nnmber  of  dorsal  tins,  and  the  nature  of  the 
if  the  fins,  as  soft  or  prickly.  Most  of  these 
ta  have  preserved  their  importance  in  later 
'}  especially  the  lost,  which,  under  the  terms 
ttrygian  and  acnntlutpten/ijmn,  hulda  a  place  in 
\  reoent  arrangements. 

this  system  was  a  true  first  approximation  to 
on  of  the  problem,  appears  to  be  allowed  by 
0ts.  Although,  Bays  Cuvier,^  there  are  in  it  no 
veil  defined  and  well  limited,  still  in  many 
be  species  are  brought  together  very  naturally, 
flucfa  a  way  that  a  few  words  of  explanation 
mffice  to  form,  from  the  groups  thus  presented 
(BVeral  of  the  genera  which  have  since  been 
\.  Even  in  botany,  as  we  have  at'on,  genera 
irdly  maintained  with  any  degree  of  precision, 
binary  nomenclatnre  of  Linneeus  made  this 
I  a  matter  of  such  immense  convenience. 
Mnount  of  this  convenience,  the  value  of  a 
Bd  sure  nomenclature,  had  not  yet  been  duly 
pd.  The  work  of  Willoughby  forma  an  epoch/ 
i^ipy  epocQi,  in  the  history  of  ichthyology;  for 
pu^  once  systematized,  could  distinguish  the 
in  the  old,  arrange  methodically,  describe  clearly. 
jcanse  Willoughby  lisxl  no  nomenclature  of  his 
id  no  fixed  names  for  his  genera,  his  immediate 
te  was  not  great  I  will  not  attempt  to  trace 
Inence  in  succeeding  authors,  but  proceed  to 
%  important  step  in  the  progress  of  system. 
•memeiU  of  tiie  Syttetn.  ArledL — Peter  Artedi 
bDuntryman  and  intimate  friend  of  Linuteus; 
kdered  to  ichthyology  nearly  the  (tame  services 
Linnnua  rendered  to  botany.  In  his  Pkilo- 
tchlhyoloffica,  he  analysed^  all  the  interior  and 
r  parts  of  animals;  he  created  a  precise  termt- 
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nology  for  tlie  different  forms  of  which  these  parts  u 
susceptible ;  he  laid  down  rules  for  the  nomeuclatnn 
of  genera  and  species ;  besides  his  improvementa  of  the 
subdivision  of  the  cl&sa.  It  is  im|)osaible  not  to  Ik 
struck  with  the  close  resemblaace  between  these  atepi, 
and  those  which  are  due  to  the  Fundatnenta  Battmiat. 
The  latter  work  appeared  in  1736,  the  former  wu 
publislied  by  Linneaua,  atWr  the  death  of  the  author, 
in  1736;  but  LinnKus  had  already,  as  early  as  173S1 
made  use  of  Artedi's  manuscripts  in  the  ichthyoto^c^ 
part  of  his  Syslema  NiUura.  We  cannot  doubt  tli»t 
the  two  young  naturaliatB,  (they  were  nearly  of  tht 
same  age,)  must  have  had  a  great  iuflnence  upon  «adi 
other's  views  and  labours;  and  it  would  be  diffiMilt 
now  to  sAcertain  what  portion  of  the  peculiar  metitt 
of  the  LiimKau  reform  was  derived  from  Artedi.  fiat 
we  may  remark  that,  in  ichthyology  at  leaat,  Aztadi 
appears  to  have  been  a  naturalist  of  more  origiul 
views  and  profounder  philosophy  than  his  friend  vA 
editor,  who  afterwards  himself  took  up  the  anbjeci 
The  reforms  of  Ijinnieiis,  in  all  parts  of  natural  history, 
appear  as  if  they  were  mainly  dictated  by  a  love  at 
elegance,  symmetry,  clearaetfl,  and  defiuitenese;  hut 
the  improvement  of  the  ichthyologioal  system  by 
Artedi  seems  to  have  been  a  step  in  the  progress  to  • 
natural  arrangement  His  genera,®  which  are  forQr- 
five  in  number,  are  ao  well  constituted,  that  they  have 
almost  all  been  preserved;  and  the  subdivisions  which 
the  constantly- increasing  number  of  species  has  coin- 
peiled  his  successors  to  introduce,  have  very  rarely 
been  such  that  they  have  led  to  the  transposition  ol 
his  genera. 

In  its  bases,  however,  Artedi's  was  an  artificial 
system.  His  characters  were  positive  and  decisive, 
founded  in  general  upon  the  number  of  rays  of  the 
membrane  of  the  gills,  of  which  he  waa  the  first  to 
mark  the  importance; — upon  the  relative  position  of 
the  fiuB,  upon  their  number,  upon  the  part  of  the 
mouth  where  the  teeth  are  found,  upon  the  oonfoa 


i  of  the  scalen.     Yet,  Id  some  cases, 
I  the  interior  aaaAomy. 

LimueuB  himnelf  ftt  first  did  not  Tenture  to  deviate 
om  the  footatepe  of  a  friend,  who,  in  this  science,  had 
>en  his  master.  But  in  1758,  in  the  tenth  edition  of 
le  Systema  Naturrr,  he  chose  to  depend  u[>on  himself, 
id  derised  a  new  ichthyological  metliod.  He  divided 
me  genera,  nniled  others,  gave  to  the  species  trivial 
kmea  and  characteristic  phrases,  aad  added  many 
lecies  bo  those  of  Artedi.  Yet  Itis  innovations  are 
T  the  moat  part  disapproved  of  by  Cuvier;  as  his 
ansferring  the  chimdroplerygian  fishes  of  Artedi  to 
le  class  of  reptiles,  under  the  title  of  Amphibia 
inte»;  and  his  rejecting  the  distinction  of  acanthopte- 
rgian  and  malacopterygian,  which,  as  we  have  seen, 
id  prevailed  from  the  time  of  Willoughby.and  intro- 
icing  in  its  stead  a  distribution  founded  on  the 
■esence  or  absence  of  the  ventral  £ns,  and  on  their 
tuation  with  regard  to  the  pectoral  fins.  '  Nothing,' 
lya  Cuvier,  '  more  breaks  the  true  connesions  of 
wera  tlian  these  ordeta  of  apuden,  Ju</7ilareg,  t/uiracici, 
id  abdominalei.' 

Thus  Linnsus,  though  acknowledging  the  value  and 
a]>ortance  of  natural  orders,  was  not  liappy  in  his 
^tempts  to  construct  a  system  which  should  lend  to 
lem.  In  liia  detection  of  good  characters  for  au 
rtificial  system  ho  was  more  fortunal*.  He  waa 
ways  attentive  to  number,  as  a  character;  and  ho 
ftd  the  very  great  merit'"  of  introducing  into  the 
ossification  the  number  of  rajs  of  the  fins  of  each 
lecies.  This  mark  is  one  of  great  importance  and  use. 
Lnd  this,  as  well  as  other  branches  of  natural  history, 
erived  incalculable  advantages  from  tiie  more  general 
lerite  of  the  illustrious  Swede;" — tlie  precision  of 
le  characters,  the  convenience  of  a  well-settled  termi- 
ology,  the  facility  atforded  by  the  binaiy  nomenclature. 
hese  recommendations  gave  him  a  pre-eminence  which 
us  acknowledged  by  almost  all  the  naturalists  of  his 
me,  and  displayed  by  the  almost  universal  adoption 
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of  his  nomenclature,  in  zoology,  ns  well  as  in  botany; 
and  by  the  almost  excluaive  employment  of  liia  lUstiv 
butions  of  cltisaes,  however  imperfect  and  arti£cial  Uicj 
might  be. 

Aod  even'^  if  Linnteus  had  had  no  other  merit  thu 
the  impulse  he  gave  to  the  pursuit  of  natural  sdeno^ 
this  aloiae  would  suffice  to  immortulize  liis  name,  In 
rendering  natural  history  easy,  or  at  least  in  maldiig 
it  appear  so,  he  difiused  a  general  taste  for  it  The 
great  took  it  up  with  interest;  the  younj;,  full  tt 
ardour,  rushed  forwards  in  all  directions,  with  the  scd* 
intention  of  completing  his  system.  The  ctriliicd 
world  was  eager  to  build  the  edifice  which  Litmsv) 
had  planned. 

This  spirit,  among  other  results,  produced  voyagm 
of  natural  historical  research,  sent  forth  by  urtiaoi 
and  sovereigns.  Qeorge  the  Third  of  EIngland  had  tb* 
honour  of  setting  the  example  in  this  noble  career, 
by  sending  out  the  expeditions  of  Byron,  Wallta,  lod 
Carteret,  in  1765.  These  were  followed  hy  those  rf 
Bougainville,  Cook,  Forster,  and  others,  Russia  also 
scattered  several  scientific  expeditions  through  h« 
vast  dominions ;  and  pupils  of  Linaieus  sought  the  KJ 
shores  of  Greenland  and  Iceland,  in  order  to  apply  hu 
Domeuclature  to  the  productions  of  those  climes.  But 
we  need  not  attempt  to  convey  any  idea  of  the  TOt 
stores  of  natural  historical  treasures  which  were  thu 
collected  from  every  part  of  the  globe. 

1  shall  not  endeavour  to  follow  Cuvier  in  giving  u 
account  of  the  great  works  of  natural  history  to  which 
this  accumulatioD  of  materials  gave  rise;  such  as  the 
magnificent  work  of  Bloch  on  FisbeH,  which  appeared 
in  178a — 178.'):  nor  need  I  attempt,  by  his  Bssifltance, 
to  characterize  or  place  in  their  due  position  the  seve- 
ral systems  of  classification  proposed  about  this  time. 
But  iu  the  course  of  these  various  eaaaya,  the  distioo- 
tion  of  the  artificial  and  natural  methods  of  dossifica- 
tion  came  more  clearly  into  view  than  before ;  and  this 
is  a  point  so  im[)ortant  to  the  philosophy  of  the 
that  we  must  devote  a  few  words  tn  it. 
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^»ral{o^^  of  the  ArUjleial  and  Natural  Methods  in 
ttloffy. — It  has  already  been  said  that  ull  so- 
artificial  melhodt  of  oliusificatioa  must  be  natiira], 
at  lotdt  am  to  the  luurovwt  members  of  the  system : 
tibas  the  artificial  Linntean  method  ih  natural  aa  to 
species,  and  even  as  to  genera.  And  on  the  other 
band,  all  proposed  natural  methods,  so  long  aa  they 
temain  unmodified,  are  artificial  as  to  their  charao- 
tertstic  marks.  Thus  a  Natural  Method  is  an  attempt 
to  provide  positive  and  distinct  clutracters  for  tike 
mdfT  as  well  aa  for  the  narrower  natur<d  grovjm. 
These  consideratioiis  are  appLcable  to  zoology  aa  well 
u  to  botany.  But  the  question,  how  we  know  natural 
groups  before  we  find  marks  for  them,  was,  in  botany, 
as  we  have  seen,  susceptible  only  of  vague  and  obscure 
answers : — the  mind  forms  them,  it  was  said,  by  taking 
t^e  aggregate  of  all  the  characters ;  or  by  establishing 
a  subordination  of  charactera.  And  each  of  these 
answers  had  its  dlEBculty,  of  which  the  solution  ap- 
peared to  be,  that  in  attempting  to  form  natural  orders 
we  are  really  guided  by  a  latent  undeveloped  estimate 
of  physiological  relations.  Now  this  principle,  which 
was  so  dimly  seen  in  the  study  of  vegetables,  shines 
out  with  much  greater  cleameas  when  we  come  to  the 
study  of  animals,  iu  which  the  physiological  relations 
of  the  [iart«  are  so  manifest  that  they  cannot  be 
overlooked,  and  have  so  atroug  an  attraction  for  our 
curiosity  that  we  cannot  help  having  our  judgments 
influenced  by  them.  Uence  the  sU|)eriority  of  natural 
■fstems  in  u>ol<^  would  probably  be  &r  more  gen&- 
mlly  allowed  than  in  botany;  and  no  arrangement  of 
animftls  which,  in.  a.  large  number  of  instances,  violated 
strong  and  clear  natuitvl  affinities,  would  be  tolerated 
because  it  answered  the  purpose  of  enabling  ns  easily 
to  find  the  name  and  place  of  the  animal  in  the  arti< 
ficial  system.  Every  system  of  zoological  arrangement 
may  be  supposed  to  aspire  to  be  a  natural  system.  But 
according  to  the  various  habits  of  the  minds  of  syste- 
matizers,  this  object  was  pursued  more  or  less  steadily 
and  succeaafiiUy;  and  these  diSerenoea  came  more  and 
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more  into  view  with  the  increase  of  knowledge  uul  the 
multiplicBtiou  of  attempts. 

Bloch,  whose  ichthyolr^cal  labours  bare  been  men- 
tioned, followed  in  his  great  work  the  method  rf 
Linnieiis.  But  towards  the  end  of  his  life  he  lii 
prepared  a  general  sjsteDi,  founded  upon  one  hd^ 
numerical  principle; — the  number  of  fins;  just  as  U»» 
Hexu&l  system  of  Liuneus  is  founded  upon  the  namha 
of  stamina:  and  he  made  his  subdivisions  according  hi 
the  position  of  the  ventral  and  pectoral  fins;  the  rane 
character  which  Linnieus  had  employed  for  hia  primwy 
division.  He  could  not  have  done  better,  says  Cuvier," 
if  his  object  had  been  to  turn  into  ridicule  all  artificial 
methods,  and  to  show  lo  whftt  absurd  combinBtiotu 
they  may  lead. 

Cuvier  himself,  who  always  pursued  natural  systenu 
with  a  eingularly  wise  and  sagacioua  coDsiHtentj, 
attempted  to  improve  the  ichthyological  arrongemeuto 
which  had  been  proposed  before  him.  In  his  Hijn' 
Animal,  published  in  1817,  he  attempts  the  problnn 
of  arranging  this  class;  and  the  views  suggested  to 
him,  both  by  his  successes,  and  his  failures,  are  SO  in- 
structive and  philosophical,  that  I  cannot  illustrate  tlia 
subject  better  than  by  citing  some  of  them. 

'  The  class  of  fishes,'  he  saya,^*  '  is,  of  all,  that  whkili 
offers  the  gi-eatest  difficulties,  when  we  wish  to  «Qb- 
divide  it  into  ordei's,  according  to  fixed  and  obviona 
characters.  After  many  trials.  I  have  determined  on 
the  following  distribution,  which  in  some  instance  i) 
wanting  in  precision,  but  which  possesses  the  advan- 
tage of  keeping  the  natural  families  entire. 

'  Pish  form  two  distinct  series ; — that  of  chondtvpU- 
rygians  or  earlilaginoue  jUh,  and  that  o{  Juh  properly 

'  The  Jlrel  of  these  series  has  for  its  character,  that 
the  palatine  bones  replace,  in  it,  the  bones  of  the  upper 
jaw:  moreover  the  whole  of  its  structure  luta  evident 
analogies,  which  we  shall  explain. 

'  It  divides  itself  into  three  orders 
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kTfae  CtclosTomes,  in  wliich  the  jaws  are  soldered 
MMH^Mi)  into  aa  immoveabla  ring,  and  the  brouchiss 
ixv  open  iu  Danierons  holes. 

*  liie  Selagians,  which  have  the  bronchite  like  the 
preceding,  hut  not  the  jaws. 

'  The  Sturosiaks,  in  which  the  bronchiie  are  open 
ts  usual  bv  a  glit  furnished  wtth  aa  operculum. 

'  The  second  aeries,  or  that  of  ordinary  Jialies,  offers 
me,  in  the  first  place,  a  primary  division,  iuto  those  of 
which  the  niaxiUary  twae  and  the  palatine  arch  are 
dovetailed  (^engreni^}  to  the  skull.  Of  these  I  make 
an  order  of  Pect<xinate(s,  divided  iuto  two  iamilieai 
the  gifmnodffiiU  and  the  aderodenn^. 

'  After  these  I  have  the  fishes  with  complete  Jawa, 
but  with  bronchiie  which,  instead  of  having  the  form 
of  combs,  as  in  all  the  others,  have  the  form  of  a  series 
of  little  tufts  {houppm).  Of  these  I  again  form  ait 
order,  which  I  call  Lophob&anc us,  which  only  includeB 
one  family. 

'  There  then  remains  an  innumerable  quantity  of 
Gslies,  to  which  we  can  no  longer  apply  any  characters 
except  those  of  the  exterior  organs  of  motion.  After 
long  examination,  I  have  found  that  the  least  had  of 
these  characters  is,  after  all,  that  employed  by  Ray 
and  Artedi,  taken  from  the  nature  of  the  first  rays  of 
the  dorsal  and  of  the  anal  tin.  Thus  ordinary  fishes 
are  divided  into  MALACorTERTOiANB,  of  whidh  all  the 
raya  are  soft,  except  sometimes  the  first  of  the  dorsal 
fin  or  the  pectorab; — and  AcAUTnoPTEBVoiAss,  which 
have  always  the  first  portion  of  the  dorsal,  or  of  the 
first  dorsal  when  tliere  are  two,  supported  by  spinous 
rays,  and  in  which  the  anal  has  also  some  such  rays, 
and  the  ventrals,  at  least,  each  one. 

'  The  former  may  be  subdivided  without  incon- 
venience, according  to  their  ventral  fins,  which  are 
some  times  situate  behind  the  abdomen,  sometimes 
adherent  to  the  apparatus  of  the  shoulder,  or,  finally, 
are  sometimes  wanting  altogether. 

'  We  thus  arrive  at  the  three  orders  of  Abimimisal 
Malacoptkrygiajjb,  of  SuBBRACHiANa,aud  of  Apodesi; 
each  of  which  includes  some  natural  fnmilies  which. 
X  a 
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Bhall  exi'lain:    the  first,  especially,  is  very  nti- 

'  But  this  basis  of  division  is  Absolutely  impractiaU* 
with  the  Acantboptciygians ;  and  the  problem  of  t«ta- 
bliahiog  aiiioug  these  any  other  subdivision  than  llul 
of  the  natural  families  has  hitherto  remained  for  ma 
insoluble.  Fortunately  several  of  thcae  bmilioe  «6(r 
characters  almost  as  precise  as  those  which  we  opuld 
give  to  true  orders. 

*  In  truth,  we  cannot  assign  to  the  families  of  fi^ei, 
ranks  as  marked,  aa  for  example,  to  those  of  nuun- 
mifers.  Thus  tlie  Chondropterygians  on  the  one  hud 
hold  to  reptiles  by  the  organs  of  the  senses,  aai  bj 
thoBe  of  generation  in  some;  and  they  are  related  to 
TDollusks  and  worms  by  the  imperfection  of  the  skeJetoi 
in  others. 

'  Aa  to  Ordinary  Fishes,  if  any  part  of  the  OTgKtii^ 
tion  is  found  more  developed  in  some  than  in  otJien, 
there  docs  not  result  from  this  any  pre-eminenoe  suffi- 

sntly  marked,  or  of  sufficient  influence  upon  their 
whole  system,  to  oblige  us  to  consult  it  in  the  metho- 
dical arrangement. 

'  We  shall  place  them,  therefore,  nearly  in  the  ori« 
in  which  we  have  just  explained  their  characters.' 

I  have  extracted  the  whole  of  this  passage,  becauw, 
though  it  is  too  teohnioal  to  be  understood  in  det^ 
by  the  general  reader,  those  who  have  followed  with 
any  interest  the  hiatoiy  of  the  attempts  at  a  natnni 
classification  in  any  department  in  nature,  will  n« 
here  a  fine  example  of  the  problems  which  bucIi 
attempts  propose,  of  the  difficulties  which  it  ni»y 
present,  and  of  the  reasonings,  labours,  cautions^  and 
varied  rcaotirces,  by  means  of  which  its  solution  it 
sought,  when  a  great  pbilosophical  naturalist  girds 
himself  to  the  task.  We  see  hero,  most  instructively, 
bow  different  the  endeavour  to  frame  such  a  natunl 
system,  is  from  the  procedure  of  an  artificial  system, 
wLich  caiTies  im]>eratively  through  the  whole  of  a 
elftsa  of  organised  beings,  a  system  of  marks  either 
iirbitiitry,  or  conformable  to  natnral  affinities  in  a 
[jHi'tiat  degree.     And  we  have  not  often  the  advantAge 
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_  la  fiir  a  syateroAtic  amngement  so 

'and  follj  indicated,  as  is  done  here,  &ud  iu  the 
Bom  of  the  separate  orders. 
^Kiaagemeut  Cuvier  adhered  to  in  all  its  miuB 
both  iu  the  second  edition  of  the  Rigne  Aninai^ 
in  1821,  and  in  his  Histoire  NaturdU  det 
t,  of  which  the  first  volume  was  published  ia 
nt  which  unfortunately  wus  nut  completed  at 
M  of  his  deatL  It  maj  be  supposed,  therefore, 
aooordance  with  those  views  of  loological 
ihy,  which  it  was  the  business  of  liis  life  la 
d  to  apply;  and  in  a  work  like  the  present^ 
|>oti  to  largfi  a  queation  of  natural  history,  we 
directed  in  a  great  meaeure  by  the  analogy  of 
^iry  of  science,  and  by  the  judgmeute  which 
pat  to  have  the  character  of  wisdom,  we  appear 
■■tified  in  taking  Cuvier'a  ichthyologicol  system 
learest  approach  which  has  yet  been  made  to  a 
imethod  in  that  depertment. 
true  natural  method  is  only  one:  artificial 
I,  and  even  good  ones,  there  may  be  many,  as 
seen  in  botany;  and  each  of  these  may  have 
Lntaj^  for  some  particular  use.  On  some 
of  this  kind,  on  which  naturalists  themselves 
irdly  yet  had  time  to  form  a  stable  and  distinct 
t  it  is  not  our  olfice  to  decide.  But  Judging,  as 
Iklreody  said,  from  the  general  analogy  of  the 
Bcienoee,  I  find  it  difficult  to  conceive  that  the 
logical  method  of  M.  Agossiz,  recently  pro- 
I  with  an  especial  reference  to  fossil  fishes,  can 
rwise  than  an  artificial  method.  It  is  founded 
aa  one  part  of  the  animal,  its  scaly  covering, 
ID  a  single  scale.  It  doee  not  conform  to 
almost  all  systematic  ichthyologists  hitherto 
iBsidered  as  a  permanent  natural  distinction  of 
order; — the  distinction  of  bony  and  cartila- 
'lee;  for  it  is  stated  that  each  order  contains 
of  both.^'  I  do  not  know  what  general 
physiological  truths  it  brings  into  v' 

jDd'i  Bridgae^iT  Trtatlif,  p.  17c 
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bnt  they  ought  to  be  Tet7  important  and  striking 
ones,  to  entitle  them  to  supersede  those  which  M 
CuvitT  to  his  system.  To  this  I  may  add,  that  tk 
nev  iuhthyoio^cal  classification  does  not  seem  to  form. 
as  we  should  expect  that  any  great  advance  towBrdsa 
natural  system  would  form,  a  connected  sequel  to  the 
past  history  of  ichthyology ; — a  step  to  wliioh  anterior 
discoveries  and  improvementB  have  led,  and  in  whieh 
they  are  retained. 

But  notwithstanding  these  considerations,  the  method 
of  M.  Agossiz  has  probably  very  great  advantaf^  fir 
his  purpose;  for  in  the  case  of  fossil  fish,  the  )ttit> 
which  ore  the  baais  of  his  system  often  remain,  yihai 
even  the  skeleton  is  gone.  And  we  may  here  agiin 
refer  to  a  priuciple  of  the  clossificatory  sciences,  wbicli 
wu  cannot  make  too  prominent; — all  arrangementi 
and  nomenclatures  are  good,  which  enable  us  to  aatert 
general  propositions.  Tried  fay  this  test,  we  cannot 
fail  to  set  a  high  value  on  the  arrangement  of  Jl 
Agassiz;  for  propositions  of  the  most  striking  gene- 
rality respecting  fossil  remains  of  fish,  of  which  ge>i- 
logists  hefoi'e  had  never  dreamt,  are  enunciated  bjT 
means  of  his  groups  and  names.  Thus  only  the  two 
first  orders,  the  Plaeo'idians  and  Ganoidum*,  eusled 
before  the  con inten cement  of  the  cretaceous  formatian: 
the  third  and  fourth  orders,  the  Clenoidians  and  Cg^^ 
ttiant,  which  contain  three-fourths  of  the  eight  tboo- 
sand  known  species  of  living  Fiuhea,  appear  for  the 
first  time  in  the  cretaceous  formation :  and  other 
geological  relations  of  these  orders,  no  less  remarkably 
have  faeen  ascertained  by  M.  Agassiz. 

But  we  have  now,  I  trust,  pureiied  these  science 
of  cliiBsification  sufficiently  far;  and  it  is  time  for  iu 
to  enter  upon  that  higher  domain,  of  Physiology,  to 
which,  as  we  have  said.  Zoology  so  irresistibly  di- 
rects us. 

[and  Ed.]  [I  have  retained  the  remarks  which  I 
ventured  at  first  to  make  on  the  Systeni  of  M.  Agassiz; 
but  I  believe  the  opinion  of  the  most  philosopliical 
ichthyologists  to  be  that  Cuvier'a  System  was  too 
exclusively  beised  on  the  internal  skeleton,  as  Agassiz's 


•  on  the  external  ekeleton.  In  some  degree;  both 
)t«ms  have  been  Buperseded,  vhile  all  that  waa  tnia 
each  has  been  retained.  Mr.  Owen,  in  his  Leetairt* 
Vtrtdirala  (1846),  takes  Cnvierian  charact«n  from 
3  eado-skeleton,  Agassizian  ones  from  the  ezo- 
^etoD,  Limueao  ooea  from  the  ventral  tutu,  Miiilerian 
es  from  the  sir-bladder,  and  combines  them  hj  the 
ht  of  his  own  reseorcbea,  with  the  view  of  fbnmng  ft 
item  more  truly  natural  ttian  any  preoedlng  one. 
Aa  I  have  said  above,  naturalists,  io  their  progma 
;rard«  a  Nsitural  System,  are  guided  by  pbynological 
ations,  latently  in  Botany,  bot  oonspicaonaly  id 
ology.  Prom  the  epoch  of  Cuvier'a  Regne  Animal, 
i  progress  of  Systematic  Zoology  is  inaeparabij  de- 
ndent  on  the  pTogresa  of  Comparative  Anatomy, 
jnee  I  have  placed  Cuvler's  ClaMifieation  of  animal 
■nu  in  the  next  Book,  which  treata  of  Physiology.] 
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Feufnl  and  wondromi  ia  the  skill  whidi  moaUa 

Our  body's  Titel  plan, 
And  from  the  first  dim  hidden  geim  unfolds 

The  perfect  limbs  of  man. 
Who,  who  can  pierce  the  secret?  tell  as  hoir 

Something  is  drawn  from  nought, 
Life  from  the  inert  mass!    Who,  Lord  t  bat  thou, 

Whose  hand  the  whole  has  wrought  I 
Of  this  corporeal  substance,  still  to  be, 

Thine  eye  a  surrey  took ; 
And  all  my  members,  yet  unformed  by  thee. 

Were  written  in  thy  book. 

PsAUC  cxxxix.  13—16. 
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Of  the  Organieal  Science*. 

THOUGH  the  general  notion  of  life  is  acknowledged 
by  the  moat  profound  philouophere  to  be  dim  and 
mysterious,  even  op  to  the  present  time;  and  niiut,  in 
the  early  stages  of  haman  speculation,  bare  be«n  still 
more  obscure  and  confused;  it  was  auflicieut,  even 
then,  to  give  interest  and  conuexion  to  men's  otMer- 
vations  upoo  their  own  bodies  and  those  of  other 
Huimals.  It  was  seen,  that  in  living  things,  certain 
peculiar  processes  were  constantly  repeated,  as  those 
of  breathing  and  of  taking  food,  for  example;  and  that 
a  certain  coofomiation  of  the  parts  of  the  animal  was 
Eiibservieut  to  these  pi-oceases;  and  thua  were  gradually 
formed  the  notions  of  Function  and  of  Organizaiicn. 
And  the  sciences  of  which  these  notions  formed  the 
basis  arc  clearly  distinguishable 'from  all  those  which 
we  have  hitherto  considered.  We  conceive  an  or- 
ganized body  to  be  one  in  which  the  parts  are  there 
for  the  sake  of  the  whole,  in  a  manner  different  frooi 
any  mechanical  or  chemical  connexion;  we  conceive 
a  function  to  be  not  merely  a  process  of  change,  but 
of  change  connected  with  the  general  vital  process. 
When  mechanical  or  chemical  processes  occur  in  the 
living  body,  they  are  instrumental  to,  and  directed  by, 
the  peculiar  powers  of  life.  The  sciences  which  thus 
consider  organist  ion  and  vital  functions  may  be 
termed  organiaU  sciences. 

When  men  began  to  specnlate  concerning  such 
subjects,  the  general  mode  of  appreheuding  the  process 
in  the  cases  of  some  functions,  appeared  to  be  almost 
obvious;  thus  it  wan  conceived  that  the  growth  of 
animals  arose  from  their  frame  appi-opriating  to  itself 
-a  part  of  the  substaofie  of  the  tbod  through  Lhti  ^1 
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passages  of  the  body.  Under  the  influence  of  mtit 
general  conceptions,  speculative  men  were  natnnlly 
led  to  endeavour  to  obtain  more  clear  and  definiM 
views  of  the  course  of  «ach  of  such  processes,  uid  of 
the  mode  in  which  the  separate  parts  coatribnted  to 
it.  Along  with  the  observation  of  the  living  penon, 
the  more  searching  examination  which  could  be  earned 
on  in  the  dead  body,  and  the  comparison  of  vuioiu 
kinds  of  animals,  soon  showed  that  this  pursuit  ms 
rich  in  knowledge  and  in  interest.  Moreover,  bendet 
the  interest  which  the  mere  speculative  facul^  give 
to  this  study,  the  Art  of  Healing  added  to  it  a  great 
practical  value;  and  the  effects  of  diseases  and  cf 
medicines  supplied  new  materials  and  new  motives  lor 
the  reasonings  of  the  philosopher. 

In  this  manner  anatomy  or  phyiiology  may  be  con- 
sidered as  a  science  which  began  to  be  cultivated  in 
the  earliest  periods  of  dvilization.  Like  most  other 
ancient  sciences,  its  career  has  been  one  of  perpetuil 
though  variable  progress;  and  as  in  others,  so  in  thi^ 
each  step  has  implied  those  which  had  been  previoaaly 
made,  and  cannot  be  understood  aright  exc^t  we 
understand  them.  Moreover,  the  stejw  of  this  advaaoe 
have  been  very  mou^  and  diverse;  the  cultivators  oS 
anatomy  have  in  all  ages  been  numerous  and  laboriom; 
the  subject  is  one  of  vast  extent  and  complexity; 
almost  every  generation  hod  added  something  to  tbe 
current  knowledge  of  its  details;  and  the  general 
speculations  of  physiologists  have  been  subtle,  bold, 
and  learned.  It  must,  therefore,  bo  difficult  or  impot- 
sible  for  a  person  who  has  not  studied  the  soienoewith 
professional  diligence  and  professional  advantages,  to 
form  just  judgments  of  tbe  value  of  the  discoveries  of 
various  ages  and  peisons,  and  to  aii'ange  them  in  their 
due  relation  to  each  other.  To  this  we  may  add,  that 
though  all  the  discoveries  which  have  been  mads  with 
respect  to  particular  functions  or  organizations  are 
understood  to  be  subordinate  to  one  general  science, 
the  Philosophy  of  Life,  yet  the  principlesand  doctrines 
of  this  science  nowhere  exist  in  a  shape  generally 
received  and  assented   to  among  phyaiologists;   and 
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tre  ha<reDot,  is  this  science,  tbe  advantage  vhich 
me  others  we  have  posseaaed; — of  diaceraing  the 
rlirectioD  of  its  first  movemcDtH,  hy  knowing  the 

to  which  they  ultimately  tend  ; — of  runoing  on 
id  the  earlier  discoveries,  and  thus  looking  them 
le  fiice,  and  reading  their  true  features.     With 

disadvantagea,  all  that  we  can  bave  to  say  respect- 
iie  history  of  Physiology  must  need  great  indul- 
>  on  the  part  of  the  reatler- 

it  here,  as  in  other  cases,  we  may,  by  guiding  oar 
I  by  those  of  the  greatest  and  most  philosophical 
wlio  have  mAde  the  eubjeot  their  study,  ho[>e  to 
■  Btaterial  errours.  Nor  can  we  well  evade  making 
ktempt.     To  obtain  some  simple  and  conEiateut 

of  the  progress  of  physiological  science,  is  in 
I^est  degree  important  to  the  completion  of  our 

of  the  progress  of  physical  science.  For  the 
allheal  or  organical  sciences  form  a  class  to 
1  the  oloBses  already  treated  of,  the  mechanical, 
ioal,  uid  classificatory  sciences,  are  subordinate 
auxiliary.  Again,  another  circumstance  which 
a  physiology  an  important  part  of  our  survey  of 
n  knowledge,  is,  that  we  have  here  a  science 
1  is  concerned,  indeed,  about  material  combi- 
UB,  but  in  which  we  are  led  almost  beyond  the 
:rs  of  the  material  world,  into  the  region  of 
bion  and  perception,  thought  and  will.  Such  a 
mplation  may  offer  some  suggestions  which  may 
re  us  for  the  transition  from  physical  to  met^ 
cai  speculations. 

the  survey  which  we  must,  for  such  purposes, 
■j{  the  progress  of  physiology,  it  is  by  no  means 
9ary  that  we  should  exhaust  the  subject,  and 
ipt  to  give  the  history  of  every  branch  of  the 
ledge  of  the  phenomena  and  laws  of  living 
ires.  It  will  be  sufficient,  if  we  follow  a  few  of 
nes  of  such  researches,  which  may  be  considered 
unplee  of  the  whole.  We  see  that  life  is  accom- 
i  and  sustained  by  many  processes,  which  at  first 
themselves  to  our  notice  as  separate  functions, 
rer  they  may  afterwards  be  found  to  be  CoqiloAb^ 
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ftnd  identified;  such  ore  feeling,  digestion,  reepintioo, 
the  action  of  the  heart  and  pulse,  generation,  percep- 
tion, voluntary  motion.  Tlie  Bualjais  of  any  oce  of 
these  functions  may  be  pursued  separately.  And  sina 
in  this,  as  in  nil  genuine  aciences,  our  knowledge 
becomes  real  and  ecieutific,  only  in  so  far  as  it  ia 
veritied  in  particular  facta,  and  thus  established  in 
general  propositions,  snch  an  original  separation  of 
the  subjecta  of  i-esearcb  is  requisite  to  a  trne  repre- 
Bentation  of  the  growth  of  real  knowledge.  The  Iook 
hypotheeca  and  systems,  concerning  the  coonexioil  of 
different  vital  faculties  and  the  general  natun  tt 
living  things,  which  have  often  been  promulgated, 
must  be  excluded  from  this  part  of  our  plas.  Wedo 
not  deny  all  value  and  merit  to  such  speculations ;  bol 
they  cannot  be  admitted  ia  the  earlier  stages  of  tile 
hiittory  of  physiology,  treated  of  us  an  inductive  scienca 
If  the  doctrines  so  pi-opounded  have  a  solid  and  per- 
manent truth,  they  will  again  come  before  us  when 
we  have  travelled  through  the  range  of  more  limiMl 
truths,  and  are  prepared  to  ascend  with  security  uiil 
certainty  into  the  higher  region  of  general  phyido- 
logical  principles.  If  they  cannot  be  arrived  at  by 
euch  a  road,  they  are  then,  however  plausible  and 
pleasing,  no  portion  of  that  real  and  progreadn 
science  with  which  alone  our  history  is  concerned. 

We  proceed,  therefore,  to  trace  the  eatablishmMi 
of  some  of  the  more  limited  but  ceitain  di 
physiology. 


kmnor 


CHAPTER  I. 


Ktuneledffe  of  Galen  and  his  Fredeeetsors. 
I 

t«ftrlieEt  conceptiona  wbicli  men  entertained  of 
f,  power  of  moviug  their  ovu  members,  tbey 
k  oad  no  thought  of  a.aj  mechanism  or  organi- 
t  which  this  wKs  effected  The  foot  luid  the 
I  leaa  than  the  head,  were  seen  to  be  endowed 
i;  and  this  pervading  life  semed  sufficiently  to 
ne  power  of  motion  in  each  part  of  the  frame, 
|iu  being  held  necessary  to  seek  out  a  special 
Hie  will,  or  instrumeuta  by  which  its  impulses 
l^e  eSectiva  But  the  slightest  inspection  of 
ftADimals  showed  that  their  limbs  were  formed 
■ioiiB  and  complex  collection  of  cordage,  and 
boatiooa  of  various  kinds,  rimning  along  and 
|ng  the  bonea  of  the  skeleton.  These  cords  and 
^icaUoDRWe  now  diatinguiah  as  muscles,  nerves, 
Iteriee,  itc.;  and  among  these,  we  assign  to  the 
Ithe  office  of  moving  the  parts  to  which  they 
Ibhed,  aa  cords  move  the  parts  of  a  machine. 
jltliis  action  of  the  muscles  on  the  bones  may 

rvery  obvious,  it  was,  probably,  not  at  first 
It  is  observed  that  Homer,  who  describes 
fttds  which  are  inflicted  in  his  battles  with  so 
Hiarent  anatomical  precision,  nowhere  employs 
d  muicU.  And  even  Hippocrates  of  Cos,  the 
IBbra(«d  physician  of  antiquity,  ia  held  to  have 
I  distinct  conception  of  such  an  organ.*  He 
employs  the  word  JUah  when  he  means  mvecle, 
ifirst  explanation  of  the  latter  word  (/juc)  occurs 
porious  work  ascribed  to  him.     Por  nerves, 

1  Sprcngel.  GacMcUt  der  Anntlkmdt,  t.  3Bi. 
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^H  fdnewB,  ligaments,^  he  Maes  indiscruninataly  the  nine 

^H  terms;  {T6vot  or  I'ciipot';)  and  of  these   nervea  (mwm} 

^H  be  aaserta  that  they  contract  the  limbi  Nor  do  we  6nj 

^H  much  more  diatinctneaa  on  this  subject  even  in  Aristotle^ 

^H  a  generation  or  two  later.      '  The  origin  of  the  rcBpa,' 

^H  he  Bays,^  '  is  from  the  heart ;  they  connect  the  bones, 

^H  and  surround  the  joints.'     It  is  clear  that  he  meam 

^H  here  the  muaclea,  and  therefore  it  is  with  injustice  that 

^H  he  has  been  accused  of  the  gross  errour  of  deriving  tbe 

^H  nerree  from  the  heart.     And  he  is  held  to  have  nallj 

^H  had  the  merit*  of  discovering  the  nerrea  of  senaat' 

^B  which   he  calls  the  '  canals  of  the   brain'  (r^fjot 

^H  cya^Xov) ;  but  the  analysis  of  the   mechasian  ot 

^m  motion  is  left  by  him  almost  untoached.     Perhaps  hii 

^M  want  of  sonnd  mechanical  notiosH,  and  hia  constant 

^1  straining  after  verbal  generalities,  and  systematic  clusi- 

^B  tications  of  the  widest  kind,  supply  the  true  account 

^H  of  his  thus  missing  the  solution  of  one  of  the  simplest 

^U  problems  of  Anatomy. 

^B  In  this,  however,  as  in  other  subjects,  his  imme- 

^M  diate  predecessors  were  far  from  ivmedying  the  defi- 

^1  cienciea  of  his  doctrines.     Those  who  professed  to  study 

^1  physiology   and  medicine  were,   for   the   moat  part, 

^H  studious  only  to  frame  some  genei'al  system  of  abstiact 

^H  principles,  which  might  give  an  appearance  of  connexioii 

^H  and  profundity  to  their  tenets.     In  this  manner  the 

^P  successors  of  Hippocrates  became  a  medical  school, 

^  of  great  note  in  its  day,  designated  as  the  Dogmatic 

school ;'  in  opposition  to  which  arose  an  Etttpirie  sect, 
who  professed  to  deduce  their  modes  of  cure,  not  &am 
theoretical  dogmas,  but  from  experience.  These  rival 
parties  prevailed  principally  in  Asia  Minor  and  Egypt, 
during  the  time  of  Alexander's  successors, — a  period 
rich  in  names,  but  poor  In  discoveries ;  and  we  find 
no  clear  evidence  of  any  decided  atlvance  in  anatomy, 
such  as  we  are  here  attempting  to  trace. 

The  victories  of  LucuDus  and  Pompeius,  in  Greece 
and  Asia,  made   the   Romans  acquainted  with  the 
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t  philosophy;  and  tlie  consequence  soon  was,  that 
lioals  of  philosophers,  rhetoricians,  poets,  and  phj- 
icuins^  streamed  from  Greece,  Asia  Minor,  and  Egypt, 
>  Borne  and  Italy,  to'  traffic  their  knowledge  and 
tieir  arts  for  Roman  wealth.  Among  these,  was  one 
erson  whose  name  makes  a  great  figure  in  the  history 
f  medicine,  Aaclepiades  of  Frusa  in  Bithynia.  This 
uui  appears  to  have  been  a  quack,  with  the  usual 
Qdowuienta  of  his  cla&s ; — boldness,  singularity,  a  cod- 
emptoous  rejection  of  all  previously  esteemed  opinions, 
new  classification  of  diseases,  a  new  list  of  medicines, 
nd  the  assertion  of  some  wonderfid  cures.  He  would 
.ot,  on  snch  accounts,  deserve  a  place  in  the  history  of 
cience,  but  that  he  became  the  founder  of  a  new  school, 
he  Methodic,  which  professed  to  hold  itself  separate 
oth  from  the  Dogmatics  and  the  Bmpirics. 

I  have  noticed  these  schools  of  medicine,  because, 
bough  I  am  not  able  to  state  dixtinctly  their  respective 
aerits  in  the  cultivation  of  anatomy,  a  great  progress 
a  that  science  was  undoubtedly  made  during  their 
lomination,  of  which  the  praise  must,  I  conceive,  bo 
in  some  way  divided  among  them.  The  amount  of 
lilua  progress  we  are  able  to  estimate,  when  we  come  to 
the  -works  of  Galen,  who  flourished  under  the  Antonincs, 
»nd  died  about  A-d.  203.  The  following  passage  from 
hia  works  will  show  that  this  progress  in  knowledge 
was  not  made  without  the  usual  condition  of  laiiorious 
uid  careful  experiment,  while  it  implies  the  curious 
guit  of  such  experiment  being  conducted  by  means  of 
fiunily  tradition  and  instruction,  so  as  to  give  rise  to 
a  casle  of  dissectors.  In  the  opening  of  hia  Second 
Book  On  AnalomuMl  Mantpulationa,  he  s]ieakH  thus 
of  his  predecessors :  '  I  do  not  blame  the  ancients, 
who  did  not  write  books  on  anatomical  manipulation; 
though  I  praise  Marinus,  who  did.  For  it  was  auper- 
fluotu  for  them  to  compose  such  records  for  themselves 
or  othera,  while  they  were,  from  their  childhood,  exer- 
G)»ed  by  their  parents  in  dissecting,  just  as  familiarly 
as  in  writing  and  reading;  so  that  there  was  no  more 
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fear  of  their  foi-getting  tbeir  anatomy,  than  of 
their  alphabet.  But  when  grown  men,  as  well  H 
children,  were  taught,  this  thorough  discipline  fdl  off; 
and,  the  art  being  carried  out  of  the  family  of  tlu 
Asclepiada,  and  declining  by  repeated  iranamisncn, 
books  became  neceesary  for  the  student' 

That  the  general  structure  of  the  animal  frame,  u 
composed  of  bones  and  muscles,  was  known  with  gnM 
accuracy  before  the  time  of  Galen,  is  majiifeat  from  the 
nature  of  the  miEtakes  and  de6ciencieB  of  hi*  pnd*- 
oeasors  which  he  finds  it  necessary  to  notice.  Thmb* 
obeerree,  that  some  anatomists  have  made  one  muiele 
into  two,  from  its  having  two  heads; — that  th^  havB 
overlooked  some  of  the  muscles  in  the  face  of  an  ft, 
in  consequence  of  not  skinning  the  animni  with  tbeir 
own  hands; — and  the  like.  Such  remarks  imply  that 
the  current  knowledge  of  thin  kind  was  toleralily  c«in- 
plote.  GsJen's  own  views  of  the  general  meohanicnl 
Btructure  of  an  animal  are  very  clear  and  sound.  The 
ekeletou,  he  observes,  discliarges^  the  office  of  the  pole 
of  a  tent,  or  the  walb  of  a  houae.  Witli  respect  to 
the  action  of  the  muscles,  his  views  were  anatotnieallf 
and  mechanically  correct ;  in  Bomeinslances,  heHhowtd 
what  this  action  was,  by  severing  the  musdo."  H* 
himself  added  considerably  to  the  existing  knovlady 
of  tliis  subject;  and  his  discoveries  and  deecnptiaa^ 
even  of  very  minute  partfi  of  the  muscular  Bystam,  an 
spoken  of  with  praise  by  modern  anatomists.* 

"We  may  consider,  therefore,  that  the  doctrine  of  tbi 
muscular  system,  as  a  collection  of  cords  anil  ahaM 
by  the  contraction  of  which  the  parts  of  the  hody  it 
moved  and  supjiorted,  was  firmly  established,  and 
completely  followed  into  detail,  by  Galen  and  hia  p»- 
deccssors.  But  there  is  another  class  of  organs  eoa- 
nected  with  voluntary  motion,  the  nervm,  and  *• 
must  for  a  moment  trace  the  opinions  which  prevailsd 
respecting  these.  Aristotle,  as  we  have  said,  notic«d 
some  of  the  nerves  of  sensation.     But    Heropkilaii 
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]  lived  in  Egypt  is  the  time  of  the  fint  Ptolemy, 
iuguished  oerves  as  the  organs  of  the  will,"'  and 
,  who  lived  in  the  time  of  Trajan,"  divides  th» 
B  into  senaitive  and  motive,  and  denves  them  alt 
1  the  bmio.  But  this  did  not  imply  that  men  had 
t  diatinguiahed  the  nerves  jrom  the  muacles.  Even 
Lleo  maintained  that  every  muscle  oonsiata  of  a  bundle 
)  and  idnews.'^  But  the  imporbtnl  pointy 
e  a«castiity  of  the  nerve,  and  the  origination  of  all 
'  I  ^paratuH  of  motion  &ou  the  bmin,  he  insist* 
1  with  great  clearness  and  force.  Thua  he  proved 
oessity  experinient^y,  by  cutting  through  some 
I  bundles  of  nerves,'^  and  thus  jireventiog  the 
eapondiug  motions.  And  it  i^  he  says,'*  allowed 
",  both  physicians  and  plulo.s<>pbers,  that  where 
e  urigiu  of  the  nerve  is,  there  the  scat  of  the  soul 
\y^fioi'iiai^  rqc  i^;(qc}  uiust  be:  uowthis,  he  adds,  is  in 
bie  lirain,  and  not  in  the  heart. 
Thus  the  general  eonatructioQ  and  arrangement  of 
lie  orgamKation  hy  which  voluntary  motion  is  effected, 
ritB  well  made  nut  at  the  time  of  Galen,  and  is  found 
istiuetlj  delivered  in  his  works.  We  cannot,  perhaps, 
istly  ascribe  any  large  portion  of  the  general  diacovery 
}  turn:  indeed,  the  conception  of  the  mechanism  of 
be  skeleton  and  musoles  was  probably  so  gradually 
nfelded  in  the  nundii  of  anatomical  students,  that  it 
rould  be  dlffioult,  even  if  we  knew  the  labours  of  each 
eraon,  to  select  one,  as  peculiarly  the  author  of  the 
iscovery.  But  it  is  clear  that  all  those  who  did  mu- 
erially  contribute  to  the  establishment  of  this  doctrine, 
anst  have  possessed  the  qualitications  which  we  find 
B  Galen  for  such  a  task;  namely,  clear  mechanical 
iews  of  what  the  tensions  of  collections  of  strings 
oold  do,  and  an  exact  practical  acquaintance  with  the 
auscalar  cordage  which  exists  in  the  animal  frames — 
Q  short,  in  this  as  in  other  instances  of  real  advance  la 
aLSDce,  there  must  have  l>eea  clear  ideas  and  real  lacta, 
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unity  of  tbougbt  and  extent  of  obeervalion,  broo^U 
into  contact 


There  is  one  idea  wtich  the  researches  of  the  phjm- 
logist  and  the  Euiatoiaist  so  constantly  furce  upon  Iub, 
t^t  he  cannot  help  assuming  it  as  one  of  the  gnidei 
of  his  apeouhitionB ;  I  mean,  the  idea  of  a  puTjMm,<ir, 
as  it  is  called  in  Aristotelian  phrase,  a  ^rtai  eavtt,  a 
the  an-angements  of  the  auimal  frame.  It  is  ix^e^ 
Bible  to  doubt  that  the  motive  nerves  run  along  th> 
limbs,  in  ori^  Oiat  they  mny  convey  to  the  moadH 
the  impulses  of  the  will ;  and  that  the  musolei  «n 
attached  to  the  bones,  in  ordur  Oiat  they  may  mora 
and  supjxtrt  them.  This  conviction  prevails  so  TTfnaJilj 
among  anatomists,  that  even  when  the  use  of  any  jart 
is  altogether  unknown,  it  is  still  taken  for  granted  tint 
it  has  some  use.  The  developcment  of  this  conrJotidB, 
— of  a  purpose  in  the  parts  of  animals, — of  a  fiuiotiaa 
to  which  each  portion  of  the  organization  is  saheervuB^ 
— contributed  greatly  to  the  pi'ogresa  of  pfaynologf; 
for  it  constantly  urged  men  forwards  in  their  teaeaiAM 
respecting  each  organ,  till  some  definite  view  rf  ik 
purpose  was  obtained.  The  assumption  of  hypothetiod 
final  causes  in  Physics  may  have  been,  as  Bacon  rnwili 
it  to  have  been,  prejudicial  to  science;  hut  the  assump- 
tion of  unknown  final  cauBes  in  Physiology,  has  pvtB 
rise  to  the  science.  The  two  branches  of  speculatka; 
Physics  and  Physiology,  were  equally  led,  by  every  ne» 
phenomenon,  to  ask  their  question,  'Why^'  6u^  in 
the  former  case,  'why'  meant  'through  whatcaanr 
in  the  latter,  'for  what  end  )'  And  though  it  may  Ix 
possible  to  introduce  into  physiology  the  doctrine  rf 
efficient  causes,  such  a  step  con  never  obliterat*  ti* 
obligations  which  the  science  owes  to  the  pemdii( 
conception  of  a  purpose  contained  in  all  organixatioo. 
Tills  conception  makes  its  appearance  very  wuif. 
Indeed,  without  aoy  special  study  of  our  stractnre^  tb( 
tlioiight,  that  we  are  fearfully  and  wonderfully  mvlt, 
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ibrces  itself  upon  men,  with  a  myBterious  impresaive- 
ne^  as  a  Buggestion  of  our  Maker.  In  this  bearing, 
the  thought  is  developed  to  a  considerable  extent  ia 
the  well-known  passage  in  Xenophon's  Convtraalimt* 
of  SocraUs.  Nor  did  it  ever  lose  its  hold  on  sober- 
minded  and  instructed  roeo.  The  Epicurenna,  indeed, 
held  that  the  eye  was  not  made  for  seeing,  nor  the  ear 
forbearing;  and  Aaclepiades,  whom  we  have  already 
lu'^ntioned  as  an  impudent  pretender,  adopted  this 
«-ild  dognia.^'  Such  assertions  required  no  labour. 
'  It  ia  easy,'  aays  Galen,"  '  for  people  like  Asclepindes, 
when  they  come  to  any  difficulty,  to  say  that  Nature 
luu  worked  to  no  purpose.'  The  gi-eat  anatomist  him- 
Hilf  pursues  hia  subject  in  a  very  different  temper. 
In  a  welt-known  passage,  be  breaks  out  into  an  enthu- 
siastic scorn  of  the  folly  of  the  atheistical  notions.'' 
'Try,"  he  says,  '  if  you  can  imagine  a  shoe  made  with 
half  the  skill  which  appears  in  the  skin  of  the  foot' 
Some  one  had  spoken  of  a  structure  of  the  human  body 
which  he  would  have  preferred  to  that  which  it  now 
has.  '  See,'  Galen  exclaims,  after  pointing  out  the 
absurdity  of  the  imaginary  scheme,  'see  what  brutish- 
BOB  there  ia  in  this  wish.  But  if  I  were  to  spend 
more  words  on  such  cattle,  reasonable  men  might 
1)l«me  rae  for  desecrating  my  work,  which  I  regard  as 
«  religious  hymn  in  honour  of  the  Creator.' 

Oalen  waa  from  the  lirst  highly  esteemed  as  au 
anatomist  He  was  originally  of  Fergamus;  and  after 
receiving  the  Instructions  of  many  medical  and  philo- 
•ophical  professors,  and  especially  of  those  of  Alex- 
andria, which  was  then  the  metropolis  of  the  learned 
and  scientific  world,  he  came  to  Rome,  where  his 
reputation  was  soon  so  great  as  to  excite  the  envy  and 
hatred  of  the  Roman  physicians.  The  emperors  Marcus 
Aurelius  and  Lucius  Verus  would  have  retained  him 
near  thorn;  but  he  preferred  pursuing  hb  travels, 
direct«d  principally  by  curiosity.  When  he  died,  he 
left  behind  him  numerous  works,  all  of  them  of  great 
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value  for  the  light  they  throw  on  the  List 
aDntom}'  aad  mediciiie ;  and  these  were  for 
period  the  storehouse  of  all  the  most  imjiortaDl 
inical  knowledge  which  the  world  poBsesaeA. 
time  of  intellectual  harrennssa  and  servility, 
the  Arabians  and  the  Europeans  of  the  dark  a 
writings  of  Galen  had  almost  usquestioned 
rity  ;^*  and  it  was  only  by  an  uncommon  e 
independent  thinking  that  Abdollatif  venti 
assert,  that  erea  Galen'a  assertions  must  give 
the  evidence  of  the  senses.  In  more  iDOcieR 
■when  Vesalius,  in  the  sxKteenth  century,  accusei 
of  mistakes,  lie  drew  upon  himself  the  hostility 
whole  body  of  physicians.  Yet  tlie  mistat 
such  (IS  might  have  been  pointed  ont  and  con 
without  acrimony,  if,  in  times  of  revolntion,  o 
and  moderation  were  possible;  but  an  impati 
the  Buperatition  of  tradition  on  the  part  of  tl 
TBtoi-B,  and  an  alarm  of  the  subversion  of  all  rec 
twiths  on  the  part  of  the  established  teachers, 
and  pervert  all  such  discussions.  VesalJns' 
charge  against  Galeu  is,  that  his  dissectiona  wi 
formed  upon  animals,  and  not  upon  the  huma 
Galen  himself  s|>eaks  of  the  dissection  of  apes  ai 
familiar  employment,  and  stat-es  tliat  he  kille 
by  drowning,  The  natural  dilScaJties  which,  in 
ages,  have  prevented  the  unlimited  proseoution  of 
dissection,  operated  strongly  among  the  aneiei 
it  would  have  been  difficult,  under  such  circum 
to  proceed  more  judidonaly  than  Galen  did. 

I  shall  now  proceed  to  the  history  of  the  di 
of  another  and  less  ohvious  function,  the  cdreuli 
tlie  blood,  which  belongs  to  modem  times. 
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IVBBT  or  THE  ClHCULATIO!!   OF  THE   BlOOD, 


Sect.  I. — Prelude  to  lAe  Discovery. 

S  blood-veasels,  tlie  veins  and  arteries,  are  as 
evident  and  peculiar  in  their  appearance  as  the 
isdes;  but  their  fiinctioa  is  by  no  means  so  obvious. 
ppocrated'  did  not  discriminate  Veins  and  Arteries; 
th  are  called  by  tlie  Eame  name  (fiX(/3ic) ;  and  the 
ird  from  which  artery  comes  {dfiTiipiii)  means,  in  his 
irks,  the  windpipe.  Aristotle,  scanty  as  was  his 
owledge  of  the  vessels  of  the  body,  has  yet  the  merit 
having  traced  the  origin  of  all  the  veins  to  the  heart, 
e  expressly  contradicte  those  of  his  predecessors  who 
d  derived  the  veins  from  the  headj^  and  refen  to 
BectioQ  for  the  proof.  If  the  book  On  the  Breath  be 
Duine  (which  is  doubted),  Aristotle  was  aware  of 
e  distinction  between  veins  and  arteries.  '  Every 
\xxy'  it  is  there  asserted,  '  is  accompanied  by  a  vein ; 
e  former  are  filled  only  with  breath  or  air." '  But 
jether  or  no  tliis  paasage  be  Aristotle's,  he  held 
inions  equally  erroneous;  as,  that  the  windpipe  con- 
ys  air  into  the  heart.*  Galen^  was  far  from  having 
)W8  respecting  the  blood-vessels,  as  sound  as  those 
lich  he  ent«i'talned  concerning  the  muscles.  He 
Id  the  liver  to  be  the  origin  of  the  veins,  aud  the 
art  of  the  arteries.  He  was,  however,  acquainted 
ith  their  junctions,  or  anaetomoses.  But  we  find  no 
iterial  advance  in  the  knowledge  of  this  subject,  till 
3  overleap  the  blank  of  the  middle  ages,  and  reach 
e  dawn  of  modern  science. 

>  fc.ther  of  modem  anatomy  in  held  to  be  Mon- 
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fUnD,"  who  dissected  and  taught  at  Bologna  in  1315. 
Some  writers  have  traced  ill  hiin  the  rudimenU  oF 
the  doctrioc  of  the  oirculntion  of  the  blood;  for  it 
Bays,  that  the  heart  transmits  blood  to  the  lungs.  Bat 
it  in  allowed,  that  he  afterwards  destroys  the  merit  of 
hia  remark,  by  repeating  the  old  assertion  that  the 
loft  ventricle  ought  to  contain  spirit  or  air,  which  it 
generates  from  the  blood. 

Anatomy  was  cultivated  with  great  diligence  mi 
talent  in  Italy  by  Achillini,  Carpa,  and  Mema,  tuiil 
in  France  by  Sylriua  and  Stephanus  (Dubois  and 
Etionne).  Yet  still  these  empty  assumptions  reepcci- 
ing  the  heart  and  blood-veasels  kept  their  groiiiid. 
Vesalius,  a  native  of  Brussels,  has  been  termed  tlifl 
founder  of  human  anatomy,  and  his  great  work  A 
Uwnani  Corporis  FahricA  is,  even  yet,  a  spIeniM 
monument  of  art,  as  well  as  science.  It  is  said  that 
liis  figures  were  designed  by  Titian ;  and  if  this  be  not 
exactly  true,  says  Cuvier,'  they  must,  at  least,  be  from 
the  pencil  of  one  of  the  most  distinguished  pupils  of 
the  great  painter;  for  to  this  day,  though  we  hare 
more  finished  drawings,  we  have  no  designs  that  are 
more  artistlike,  Fallopius,  who  succeeded  Vesalius  at 
Padua,  made  some  additions  to  the  researches  of  his 
predecessor;  but  in  hia  treatise  De  Princijw>  Veaarun, 
it  is  clearly  seen^  that  the  circulation  of  the  blood 
was  unknown  to  him.  Eustachlus  also,  whom  Carter 
groups  with  Vesalius  and  Fallopius,  as  the  three  great 
luunders  of  modern  anatomy,  wrote  a  treatise  on  the 
vein  axygos?  wjiich  is  a  little  treatise  on  comparative 
anatomy;  hut  the  discovery  of  the  functions  of  the 
veins  came  from  a  different  <[uart«r. 

The  unfortunate  Servetua,  who  was  burnt  at  Geneva 
as  a  heretic  in  1553,  la  the  first  person  who  spe&ka  dis- 
tinctly of  the  small  circulation,  or  that  which  carries 
the  blood  from  the  heart  to  the  lungs,  and  back  again 
to  the  heart     His  work  entitled  CliTistianiami  Jieati- 
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itUio  Tras  also  burnt;  and  only  two  oopies  are  known 
to  have  escaped  the  fiomes.  It  is  iu  this  work  that  he 
asserts  the  doctrine  in  question,  as  a  collateral  argu- 
meot  or  illoatration  of  bis  subject.  '  TLe  communioa- 
tion  between  tbe  right  and  lefl  ventricle  of  the  heart, 
is  made,'  he  says, '  not  a«  is  commonly  believed,  through 
the  ptu-tition  of  the  heart,  but  by  a  remaj-kable  aitiiico 
(mayno  artijurio)  the  blood  is  carried  from  the  right 
ventricle  by  a  long  circuit  through  the  lungs ;  is  elabo- 
rated by  the  lungs,  made  yellow,  and  transfused  from 
the  vena  arteriosa  into  the  arleria  twioan.'  This  truth 
ifl,  however,  mixed  with  various  of  the  traditional 
fancies  concerning  the '  tntn/  fpirit,  which  ban  its  origin 
in  tbe  lefl  ventricle.'  It  may  be  doubted,  also,  how 
far  Servetus  formed  his  opinion  upon  conjecture,  and 
on  a  hypothetical  view  of  the  formation  of  this  vital 
spirit  And  we  may,  perhaps,  more  justly  ascribe  th« 
real  establishment  of  the  pijmonary  circulation  aa  aa 
inductive  truth,  to  Eealdus  Columbus,  a  pupil  and 
successor  of  Vesalius  at  Padua,  who  published  a  work 
J)e  Se  Analcrmicd  in  1559,  in  which  he  claims  this  dis- 
covery as  his  own.'" 

Andrew  Cesalpinus,  who  has  already  come  under 
our  notice  oa  one  of  the  fathers  of  modem  inductive 
science,  both  by  his  metaphysical  and  his  physical  apecu- 
latioQB,  described  the  pulmonary  circulation  still  more 
completely  in  his  QutEstioiiea  I'eripatetiat,  and  even 
seemed  to  be  on  the  eve  of  discovering  the  great  circu- 
lation ;  for  he  remarked  the  swelling  of  veins  below 
ligatures,  and  inferred  from  it  a  reUuent  motion  of 
blood  iu  these  vessels."  But  another  discovery  of 
structure  was  needed,  to  prepare  the  way  for  this  dis- 
covery of  function ;  and  this  was  made  by  Fabricius  of 
Acquapendente,  who  succeeded  in  the  grand  list  of 
great  professors  at  Padua,  and  taught  there  for  fifty 
yeara."  Sylvius  had  discovered  the  existence  of  the 
volvea  of  the  veins;  but  Fabriciiis  remarked  that  they 
are  all  turned  towards  the  heart.  Combining  this  dis- 
position with  that  of  the  valves  of  the  heart,  and  with 
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the  absence  of  vnlves  in  tlie  arteries,  he  might  ban 
come  to  the  oonclusioa'^  tliat  the  blood  moTes  ia  ■ 
difTerent  directioQ  in  the  arteries  and  in  the  veins,  and 
might  thus  have  disoovered  the  circulation  :  but  Hat 
glory  was  reserved  for  William  Harvey :  bo  true  ii  iti 
observes  Cuvier,  that  we  are  often  on  the  brink  ot% 
discovery  without  suspecting  liiat  we  are  bo; — «a  tn< 
is  it,  we  may  add,  tliat  ft  certain  succesiion  of  tims  ud 
of  persons  i^  generally  necesBoty  to  bmiliarize  men  wi(k 
one  thought,  before  they  can  advance  to  that  wiueb  'a 
the  next  in  order. 

Sect.  2. — The  DUeovtry  of  the  Circulaiitm  madt  fgr 
Hamei/. 

WiLUAM  HARVEy  TTas  bom  in  1578  at  Folkestone  'a 

Kent.'*  He  first  studied  at  Cambridge :  he  afterwftrii 
went  to  Padua,  where  the  celebrity  of  Fabrieiiu  of 
Acquapendente  attracted  from  all  parts  those  vba 
wished  to  be  instructed  in  anatomy  and  phyeiology. 
In  this  city,  excited  by  the  discovery  of  the  vilvea  (rf 
the  veins,  which  his  master  had  recently  made,  inA 
reflecting  on  the  direction  of  the  valves  which  are  »t 
the  entrance  of  the  veins  into  the  heait,  and  at  the  ant 
of  the  arteries  from  it,  he  conceived  the  idea  of  making 
experiments,  in  order  to  determine  what  ia  the  count 
of  the  blood  in  ita  vessels.  He  found  that  when  he  tid 
up  veins  in  various  animals,  they  swelled  below  the 
ligature,  or  in  the  part  furthest  &om  the  heart;  while 
arteries,  with  a  Like  ligature,  swelled  on  the  aide  next 
the  heart.  Combining  these  facts  with  the  direction 
of  the  valves,  he  came  to  the  conclusion  that  the  blood 
is  impelled,  by  the  left  aide  of  the  tieart,  in  the  arteries 
to  the  extremities,  and  thence  returns  hy  the  reins 
into  the  right  side  of  tlie  heart.  He  showed,  too,  how 
this  was  confirmed  by  the  pheuomeua  of  the  pulwv 
and  by  the  resulta  of  opening  the  vessels.  He  proved, 
also,  that  the  circulation  of  the  kings  is  a  continuatiou 
of  the  larger  circulation ;  and  thus  the  whole  doc 
of  the  double  circulation  was  established. 
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Harvey's  experimente  hod  beco  made  in  i6tC  and 
1618;  it  is  comiQonlf  said  that  he  flrat  promulgated 
his  opioion  in  1619;  but  the  manuscript  of  the  lectures, 
delivered  by  1dm  as  lecturer  to  the  College  of  Phy- 
eicians,  is  extant  in  the  British  Museum,  and,  contain- 
ing the  propositions  on  which  the  doctrine  is  founded, 
refers  them  to  April,  1616.  It  was  not  till  1618  that 
he  published,  at  Fi'ankfort,  hia  Exercitatio  Anatotmca 
de  Motu  Cordis  et  Saai^init;  but  he  there  observes 
that  he  had  for  above  nine  years  confirmed  and  illus- 
trated   his    opinion    in  his  lectures,    by   arguments 

tiLttded  apon  ocular  demouetration. 


Seel.  3. — Ree^txon  oftlie  Ditcovery. 


Without  dwelling  long  upon  the  circamstancea  of 
the  general  reception  of  this  doctrine,  we  may  observe 
that  it  was,  for  the  most  part,  readily  accepted  by  his 
countrymen,  but  that  abroad  it  had  to  encounter  con- 
siderable opposition.     Although,  as  we  have  seen,  his 
predecessors  had  approached  ho  near  to  the  discovery, 
men's  minda  were  by   no   means  as  yet  prepared  to 
receive  it.     Several  physicians  denied  the  truth  of  the 
opinion,  among  whom  the  most  eminent  was  Riolan, 
profwsor  at  the  College  de  France.     Other  writers,  as 
usually  happens  is  the  case  of  great  discoveries,  asserted 
that  the  doctrine  was  ancient,  and  even  that  it  was 
Jcnown  to  Hippocrates.     Harvey  defended  his  opinion 
with  spirit  and  temper;  yet  he  appears  to  have  re- 
^^ained  a  lively  recollection  of  the  disagreeable  nature 
^^Uthe  struggles  in  which  he  was  thus  involved.     At  a 
^Kter  period  of  his  life,  Ent,'«  one  of  his  admii-era,  who 
^^Haited  him,  and  urged  him  to  publish  the  researches 
^^m  generation,  on  which  he  had  long  been  engaged, 
gives  this  account  of  the  manner  in  which  he  re- 
ceived the  proposal:  'And  would  you  then  advise  me, 
(smilingly  replies  the  doctor.)  to  quit  tlie  tranquillity 
K'flf  this  Iwven,  wherein  I  now  calmly  spend  my  days, 
^Mnd  again  commit  myself  to  the  unfaithful  ocean )  Yuu 
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are  not  ignomnl  how  great  troubles  mj  lacubracions, 
formerty  publbhed,  have  raised  Better  it  ia,  certainly, 
at  some  time,  to  endearour  to  grow  wise  at  home  in 
private,  than  by  the  hasty  divulgation  of  such  things 
to  the  knowledge  whereof  you  have  attained  with  »i*t 
labour,  to  stir  up  tempests  that  may  deprive  yon  of 
your  leisure  imd  quiet  for  the  iuture.' 

His  merits  were,  however,  soon  generally  recogniied. 
He  was"  made  physician  to  James  the  First,  and 
afterwards  to  Charles  the  First,  and  attended  thfti 
unfortunate  monarch  iu  the  civil  war.  He  hod  th« 
permission  of  the  jiarliaiuent  to  accomjtany  the  (dog 
un  his  leaving  London  j  but  this  did  not  protect  him 
from  having  his  house  plundered  in  liia  absence,  nut 
only  of  its  furniture,  but,  which  he  felt  more,  of  tie 
records  of  his  experiments.  In  1652,  his  brethrea  of 
the  College  of  Fliysicians  placed  a  marble  bust  of  him 
in  their  hall,  with  an  inscription  recording  his  dis- 
coveries; and  two  years  lat^,  he  was  nominated  to 
the  office  of  I'resident  of  the  College,  which  however 
he  declined  in  consequence  of  his  age  and  infirmitiK. 
His  doctrine  soon  acquired  popular  currency ;  it  wm, 
for  instance,  taken  by  Descartes"  as  the  basis  of  his 
physiology  in  hia  work  On  Man;  and  Harvey  had  the 
pleasure,  which  is  otlen  denied  to  discoverers,  of  seeing 
his  discovery  generally  adopted  during  his  lifetime. 

Sect.  4. — Bea/ring  of  the  Diaovery  on  tha  Progret*  c/ 
Physiology. 

In  considering  the  intellectual  processes  by  which 
Harvey's  discoveries  were  made,  it  is  impossible  not 
to  notice,  that  the  recognition  of  a  creative  purpose, 
which,  as  we  have  said,  appears  in  all  sound  physio- 
logical reasonings,  prevails  eminently  here.  '  I  re- 
member,' says  Boyle,  '  that  when  I  asked  our  famoiu 
Harvey  what  were  the  things  that  induced  him  to 
think  of  a  circulation  of  the  blood,  he  answered  m! 
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that  when  be  t«ok  notice  that  the  valves  in  the 
of  80  many  parts  of  the  body  were  so  placed,  that  they 
gave  a  free  passage  to  the  blood  towards  the  heart, 
bat  opposed  the  passage  of  the  Teoal  blood  the  con- 
trary way;  he  was  ineitod  to  imagine  that  bo  provi- 
dent a  cause  as  Nature  bad  not  placed  so  many  valves 
without  design ;  and  no  design  seemed  more  probable 
than  that  the  blood  should  bo  sent  through  the  arteries, 
and  return  through  the  veins,  whose  valves  did  not 
oppose  its  course  that  way." 

We  may  notice  further,  that  this  discovery  implied 
the  usual  conditious,  distinct  general  notions,  careful 
observation  of  many  facts,  and  the  mental  act  of 
bringing  together  these  elementfl  of  truth.  Harvey 
must  have  possessed  clear  views  of  the  motions  and 
pressures  of  a  fluid  circulating  in  ramifying  tubes,  to 
enable  him  to  see  how  the  position  of  valvc^  the  pal- 
sation  of  the  heart,  the  effects  of  ligatures,  of  bleeding, 
and  of  other  circumstaucec,  ought  to  manifest  them- 
setres  in  order  to  confirm  his  view.  That  he  referred 
to  a  multiplied  and  varied  experience  for  the  evidence 
that  it  was  so  confirmed,  we  have  already  said.  Like 
all  the  best  philosophers  of  hia  time,  he  insists  rigidly 
upon  the  necessity  of  such  experience.  '  In  every 
science,'  he  says,'"  '  be  it  what  it  will,  a  diligent  obser- 
vation ia  requisite,  and  sense  iteelf  mnst  be  frequently 
consulted.  We  must  not  rely  upon  other  men's  expe- 
rience, but  our  own,  without  which  no  man  ia  a  proper 
disciple  of  any  part  of  natural  knowledga'  Ajid  by 
publishing  his  experiments,  he  trusts,  he  adda,  that  he 
has  enabled  his  reader  '  to  be  an  equitable  umpire 
between  Aristotle  and  Galen;'  or  rather,  he  might 
have  said,  to  see  how,  in  the  promotion  of  science, 
sense  and  reason,  observation  and  invention,  have  a 
mutual  need  of  each  other. 

We  may  observe  further,  that  though  Harvey's 
glory,  in  the  case  now  before  us,  rested  npon  hi4 
'laving  proved  the  reality  of  certain  mechnnical  move- 
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meats  and  actions  in  tbe  blooci,  this  discovery,  and  aU 
other  phyHiological  truths,  nocessaril;  iuvolTod  the 
Bsauin]ition  of  uome  peculiar  agency  belonginj^  to  liv- 
ing tbingH,  different  both  from  mecliajiioal  agency,  and 
from  chemioal;  and  in  short,  something  vita/,  uul 
not  physical  merely.  For  when  it  was  aeeii  that  the 
polsation  of  the  heart,  ita  sytUde  und  diastole,  caused 
the  circulation  of  the  blood,  it  might  still  )>e  aitked, 
what  force  ca\ised  this  coastantly-Tecurring  contractiun 
and  exjKuisioD.  And  again,  circulation  is  closely  con- 
nected witli  respiration ;  the  blood  is,  by  the  circula- 
tion, carried  to  the  lungs,  and  is  there,  according  to 
the  expression  of  Colum]>ufi  and  Hai-\-ey,  mixed  with 
air.  But  hy  what  mechanism  docs  this  7nixtiore  tak« 
place,  and  what  is  the  real  nature  of  itt  And  when 
aucceeduig  researches  had  enabled  physiologists  to  give 
an  answer  to  this  question,  as  far  as  chemical  rnlatioDi 
go,  and  to  say  that  the  change  consists  in  the  abstrac- 
tion of  the  carbon  from  the  blood  by  means  of  the 
oxygen  of  the  atmosphere;  they  were  still  only  led  to 
ask  further,  how  this  chemiotd  change  was  effected 
and  how  such  a  change  of  the  blood  fitted  it  for  its 
uses.  Every  function  of  which  we  explain  the  conne, 
the  mechanism,  or  the  chemistry,  is  connected  with 
other  functions, — is  subservient  to  tliem,  and  they  to 
it;  and  all  together  arc  parts  of  the  general  rital 
system  of  the  animal,  ministering  to  its  life,  but  deriv- 
ing their  activity  &om  the  life.  Life  is  not  a  collection 
of  forces,  or  polarities,  or  affinities,  such  as  any  of  the 
physical  or  chemical  sciences  contemplate;  it  hiu 
powers  of  its  own,  which  oft«n  supersede  those  sub- 
ordinate relations^  and  in  the  canes  where  men  hare 
traced  such  agents  in  the  animal  fraiu^  they  have 
always  seen,  and  usually  acknowledged,  that  these 
agentj*  were  ministerial  to  some  higher  agency,  more 
difficult  to  trace  than  these,  but  more  truly  the  cau^'^e 
of  the  phenomena. 

The  discovery  of  the  mechanical  and  chemical  con- 
ditions of  the  vital  fuuotioQS,  as  a  step  in  physiology, 
may  he  compared  to  the  discovery  of  the  laws  of  phn- 
'  a  the  heavens  by  Kepler  and  his  predecessors, 


THE   CIHCUL.VTIOS   OF  THE   CLOOD. 

VrLile  the  discovery  of  the  force  by  which  they  were 
produced  wm  still  reserved  in  mystery  for  Newton  to 
liring  to  light.  The  aubordiniite  relation  of  the  focta, 
their  dependence  on  spttoe  and  tinie,  their  reduction 
to  order  and  cycle,  had  been  fiilly  performed;  but  the 
reference  of  them  to  distinct  ideas  of  caUBwtion,  their 
iuterpretBtion  as  the  results  of  mechanica.1  force,  was 
omitted  or  attempted  in  vain.  The  very  notion  of 
euch  Force,  and  of  the  manner  in  which  motions  were 
determined  by  it,  was  in  the  highest  degree  vague  and 
Tacillating;  and  a  century  was  requisite,  aa  we  have 
seen,  to  give  to  the  notion  that  clearness  and  fixity 
which  made  the  Mechanics  of  the  Heavens  a  possible 
science.  In  lilce  manner,  the  notion  of  life,  and  of 
Vital  Forces,  is  still  loo  obscure  to  be  steadily  held. 
We  cannot  connect  it  distinctly  with  severe  inductions 
from  &cte.  We  can  trace  the  motions  of  the  ""'■""l 
fluids,  as  Kepler  traced  the  motions  of  the  planets; 
bat  when  we  seek  to  render  a  reason  for  these  motiona, 
like  Lim,  we  recur  to  terms  of  a  wide  and  profound,  but 
mysterious  import;  to  Virtues,  Influences,  undefined 
Powers.  Yet  we  are  not,  on  this  account,  to  despair. 
The  very  instance  to  which  I  am  referring  shows  us 
how  rich  ia  the  promise  of  the  future.  Why,  says 
Cuvier,'*  may  not  Natural  History  one  day  have  its 
Newtoul  The  idea  of  the  vital  forces  may  gradually 
become  so  clear  and  definite  as  to  be  available  in 
science;  and  future  generations  may  include,  in  their 
physiology,  propositions  elevated  as  far  above  the 
circulation  of  the  blood,  as  the  doctrine  of  universal 
gravitation  goes  beyond  the  explanation  of  the  heavenly 
motions  by  epicycles. 

I^  by  what  has  been  said,  I  have  exemplified  suffi- 
ciently the  nature  of  those  atepa  in  physiology,  which, 
like  the  discovery  of  the  Circulation,  give  an  explana- 
tion of  the  proceaa  of  some  of  the  animal  functions,  it  is 
not  necessary  for  me  to  dwell  longer  on  the  subject; 
^fX  to  write  a  history,  or  even  a  sketch  of  the  history 
BjCFhyaiology,  would  suit  neither  my  powers  nor  my 
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pmpooe.  Some  fbrther  analjmB  of  the  gaoi&al  Hem 
-whkih  baye  been  pramnlgftted  bj  tbe  molt  enuBOift 
physiologists,  may  perhaps  be  attempted  In  traatingof 
the  Philosophy  of  IndnotiTe  Soienoe;  but  the  estimh 
tbn  of  the  valae  of  recent  qMOolatioiis  and  inTestigi- 
tions  most  be  left  to  those  idio  have  made  this  TUt 
sabjeot  the  study  of  their  lives.  A  few 
may,  however,  be  here  introduoed. 


CHAPTER  ni 


DlSOOVEBT   OF  THE  MOTIOS   OP  THE  ChY1,E,  AND 
COHSEQCEKT   SpECUIJTIONa. 


Sect.  I. — 77k  DUcovfry  of  tke  Mution  of  the  Chyle. 

IT  may  have  Uetn  observed  in  the  previouH  course  of 
tbb  History  of  the  Sciences,  that  the  discoveries 
iu  each  science  have  a  peculiar  physiognomy;  oome- 
thing  of  a  common  type  may  be  traced  in  the  progress 
of  each  of  the  theories  belonging  to  the  same  depart- 
ment of  knowled^.  We  may  notice  something  of  this 
commoD  form  iu  the  varioos  branches  of  physiological 
speculation.  Id  most,  or  all  of  them,  we  have,  as  we 
have  noticed  the  case  to  be  with  reaped  to  the  circu- 
lation of  the  blood,  clear  aud  certain  discoveries  of 
mechanical  and  chemical  processes,  succeeded  byspecu- 
lationa  &r  more  obscure,  doubtful,  and  vague,  respecting 
the  relation  of  these  changes  to  the  laws  of  life.  This 
feature  in  the  history  of  physiology  may  be  further 
instanced,  (it  shall  be  done  very  briefly,)  in  one  or  two 
other  cases.  And  we  may  observe,  that  the  lesaoa 
which  we  are  to  collect  from  this  narrative,  is  by  no 
means  that  we  are  to  confine  ourselves  to  the  positive 
discovery,  and  reject  all  the  less  clear  and  certain 
speculations.  To  do  this,  would  be  to  lose  most  of  the 
chances  of  ulterior  progreai;  for  though  it  may  be, 
that  our  conceptions  of  the  natore  of  organic  life  are 
not  yet  sufficiently  pretise  apd  steady  to  become  the 
guides  to  positive  inductive  truths,  still  the  only  way  in 
which  these  peculiar  physiological  ideas  can  be  made 
more  distinct  and  precise,  aud  thus  brought  more 
nearly  into  a  scientific  form,  is  by  this  struggle  with, 
our  ignorance  or  imj^rfect  knowledge.  This  ia  the 
lesson  we  have  learnt  from  the  history  of  physical 
MtKmomy  and  other  acieuces.   We  muat  »tme  Ui  c«to 
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facta  wliich  are  known  mxA  understood,  to  higher 
principles,  of  which  we  cannot  doubt  the  existnioe^ 
and  of  which,  in  some  degree,  we  can  see  the  place; 
however  dira  and  shadowy  may  be  the  glimpses  we  htm 
hitherto  lioen  able  to  obtain  of  their  forms:.  We  mr 
often  fail  in  unch  attempts,  but  without  the  atteapt 
we  can  never  euceeed. 

That  the  food  is  received  into  the  stomach,  then 
undergoes  a  change  of  its  consistence,  and  ia  then  pro- 
pelled along  the  intestines,  are  obvioua  facta  in  the 
animal  economy.  But  a  diseovery  made  in  the  connc 
of  the  seventeenth  century  brought  into  clearer  light 
the  sequel  of  this  geriea  of  processes,  and  its  connexioD 
with  other  functions.  In  the  year  1633,  Aselliiu  or 
Aselli'  discovered  certain  minute  vessels,  tonned 
ladeals,  which  absorb  a  white  liquid  (the  cAyfa)  from 
the  bowels,  and  pour  it  into  the  blood.  These  ve««!» 
had,  in  feet,  been  discovered  by  Eristratua,  in  tli< 
ancient  world,*  in  the  time  of  Ptolemy;  but  Aadli 
wivs  the  first  modern  who  attended  to  them.  He 
described  them  in  a  treatise,  entitled  De  VenU  LaeItU, 
cum  jigtiTW  ehga-iUissimia,  printed  at  Milan  in  1617. 
the  year  after  the  death  of  the  author.  The  work  ia 
remarkable  aa  the  first  which  exhibits  ct^oured  axaxa- 
mical  figures;  the  arteries  and  the  veins  are  reprs- 
seuted  in  red,  the  lacteals  in  black. 

Eustachius,'  at  an  earlier  period,  had  described  fm 
the  horse)  the  thoracic  duct  by  which  the  chyle  ia  poured 
into  the  subclavian  vein,  on  the  right  aide  of  the  neck. 
But  this  description  did  not  excite  ao  much  notice  as 
to  prevent  its  being  forgotten,  and  rediscovered  in 
1650,  niler  the  knowledge  of  the  circulation  of  the 
hlood  had  given  more  importance  to  such  a  discovery. 
Up  to  this  time,*  it  had  been  au])posed  that  the  lacteal* 
carried  the  chyle  to  the  liver,  and  that  the  blood  wm 
manufactured  there.  This  opinion  had  prevailed  in  all 
the  works  of  the  ancients  and  modems;  its  falsity  was 
discovered  by  Pecquet,  a  French   physician,  and  pub- 
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lished  in  1651,  in  hia  AW  Analomieal  Expurimentg ; 
ill  which  are  discovered  a  receptacle  of  the  chyle, 
unknown  till  then,  and  the  ves&eJ  which  conveys  it 
to  the  Bubolavian  vein.  Pecquet  liimaelf,  and  other 
anntomista,  soon  connected  this  discovery  wilh  the 
doctrine,  then  recently  promulgated,  of  the  circulation 
of  the  blood.  In  1 665,  these  vessels,  and  the  li/mp/utltfi 
which  are  connected  with  them,  were  further  illus- 
trated by  Ruysch  in  his  exhibition  of  their  valves 
{DUtteiiiaiio  valvularum  in  vaaU  lymp/uUicis  et  lucUU). 


Sect.  3. — The  Coneeqaent  Spee>i{aihng.     JTypotLeaet 
0/  Digestion. 

Tbub  it  waa  abown  that  aliments  taken  into  the 
stomach  are,  by  its  aeticn,  made  to  produce  chi/vw; 
from  the  chyme,  gradually  changed  in  its  progriss 
through  the  inteatioes,  Myie  is  absorbed  by  the  laeteala; 
and  this,  poured  into  tlie  blood  by  the  thoracic  duct, 
repairs  the  waste  and  nourishea  the  growth  of  the 
animal.  But  by  what  powers  is  the  food  made  to 
undergo  these  transformations  I  Can  wa  explain  them 
on  mechanical  or  on  chemical  principles?  Here  we 
come  to  a  part  of  physiology  leas  certain  thaa  the  dis- 
covery of  veaacls,  or  of  the  motion  of  flaids.  We  have 
a  number  of  opinions  on  the  subject,  but  no  universally 
acknowledged  truth.  We  have  a  collection  of  Hypo- 
thetet  0/  Digegtion  and  Nvlrititm. 

I  shall  confine  myself  to  the  former  class;  and  with- 
out dwelling  long  upon  these,  1  shall  mention  some  of 
them.  The  philosophers  of  the  Academy  del  CimttOo, 
and  several  other8,havingeiperimentedon  the  stomach 
of  gallinaceons  birds,  and  observed  the  astonisliing 
force  with  which  it  breaks  and  grinds  substances,  were 
led  to  consider  the  digestion  which  takes  place  in  thu 
stomach  as  a  kind  oHrituTOlion.^  Otherwnters  thought 
it  was  more  properly  described  as/ermeiiMluni ;  othem 
again  spoke  of  it  aa  a  jniire/aciiim.     Varignon  gave  a 
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merely  physical  Kcconnt  of  the  first  part  of  the  procM, 
Tnain^iniiig  that  the  diriaion  of  the  alimems  wua  tbc 
effect  of  the  diaengagement  of  the  air  introduced  inM 
the  stomach,  and  dilated  by  the  heat  of  the  body, 
The  opinion  that  digestion  is  a  goluliwi  of  the  (oi>i 
b;  the  gaatric  juice  hns  been  more  'exte.Qsi%-ely  etil<r- 

SpaUanzoui  and  others  made  many  experimeDti  <n 
this  subject.  Yet  it  is  denied  by  the  best  physiologist^ 
that  the  changes  of  digestion  can  be  adequat«ly  tepie- 
Bented  as  chetuical  changes  only.  The  nerfes  of  tbe 
stomach  (the  pneiimo-gattric)  are  said  to  be  essentia]  to 
digestion.  Dr.  Wilson  Philip  has  asserted  that  the 
influence  of  these  nerves,  when  they  are  destroy^, 
may  be  replaced  by  a  galvanic  current.'  This  mi^t 
give  rise  to  a  snppositjon  that  digestion  depends  on 
galvanism.  Yet  we  cannot  doubt  that  all  these  hypo- 
theses,— mechanical,  physical,  chemical,  galvanic — m 
altogether  insti  the  lent.  '  Tbe  stomach  must  have,'  u 
Dr.  Prout  sftys,^  'the  power  of  organizing  and  Titftlinng 
tbe  different  elementary  substoncee.  It  is  imjMiMble 
to  imagine  that  this  organizing  agency  of  the  stomaob 
can  be  chemical.  This  agency  is  vUal,  and  its  nature 
completely  unknown.' 

*  T&iWtT  iHmualof  PKytMogt.  oompUitinl.    Be  sUtcc  Uul  it 

B.lli.  SccC  1.  Chap,  lii.)  Bpeski  of  and  otlicr  phytloIociiU  haTon- 

Dr.  WUeoa  PhlUp'B  asscrlion  Ibat  pealed  aach  expeiimeDU  oa  >• 

the  nerves  of  the  ilomaeh  beiiig  exleuiTe  leale.  aod  bare  faoi 

out.  aDd  a  gilvanli:  cucrcnt  kept  so  <IT«t  of  thia  kind. 

DP  In  them,  digeiUon  li  ititl  ac-  J  Btidsaiialer  Tr.  p.  tai. 


CHAPTER  IT. 

EXAMIXATION  OF  THE    PROCESS  OF    REPRODIJCTIOir    DT 

Ammals  Asr  Pi-ASTs,  a^jb  Consequent  Spzcula- 

TION3. 


Sed.  I. — T}i«  ExaitujMtion  of  the  Procfss  of  Repro- 
duction in  AmntaU. 

IT  would  not,  perhaps,  be  oecessaty  to  give  any  more 
exuniTiles  of  what  has  hithertu  )>eeii  the  general 
process  of  investigations  on  each  hrauch  of  jihysiology; 
or  U>  illustrate  further  the  combinittiun  which  such 
researches  present,  of  certain  with  uiioertain  know- 
ledge;— of  solid  diflcoveriea  of  organs  and  processes 
encceeded  by  indelimte  and  doubtful  speculations  con- 
cerning vital  forcea.  But  the  reproducttoo  of  organized 
beings  is  not  only  a  subject  of  so  much  interest  as  to 
require  some  notice,  but  also  offers  to  ua  laws  and 
pnnoiples  which  include  both  the  vegetable  and  the 
*nif  «l  kingdom ;  and  which,  therefore,  sre  requisite  to 
render  intelligible  the  most  general  views  to  which  we 
aaftttain,  respecting  the  world  of  organization. 

The  &cta  and  laws  of  reproduction  were  first  studied 
in  detail  in  animals.  The  subject  appears  to  hare 
attracted  the  attention  of  some  of  the  philosophers  of 
■atlquity  in  an  extraordinary  degree;  and  indeed  we 
mttj  easily  imagine  that  they  hoped,  by  following  this 
ftui,  if  any,  to  solve  the  mystery  of  creation.  Aristotle 
appears  to  have  pursued  it  with  peculiar  complacency; 
and  his  great  work  On  AnittutU  contains'  an  eictnt- 
ordinary  collection  of  curious  observations  relative  to 
tliis  subject.  He  had  learnt  the  modes  of  reproduction 
of  most  of  the  animals  with  which  he  was  acquainted; 
ftud  his  work  is  still,  as  a  writer  of  our  own  times  has 
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SM.d,'  'original  after  so  many  copiea,  and  young B 
two  tbousaiid  jears.'  His  observatiooa  referred  phft-  ] 
cipallj  to  the  external  circumatunces  of  generation 
the  anatomical  examination  was  left  to  his  succeaon 
Without  dwelling  on  the  intermediate  laboun,  its  j 
come  to  modern  times,  and  find  that  this  examination 
owes  its  greatest  advance  to  those  who  had  the  gmiot 
share  in  the  discovery  of  the  circulation  of  the  blood; 
— Fabriciua  of  Acquspendente,  and  Harvey.  The 
former'  published  a  valuable  work  on  the  Egg  and  IIib 
Chick.  In  this  are  given,  for  the  first  tiiue,  figoM 
representing  the  developement  of  the  chick,  from  11* 
almost  imperceptible  beginning,  to  the  moment  wboi 
it  breaks  the  shell.  Harvoj  pursued  the  researdieiof 
his  teacher.  Charles*  the  First  had  supplied  htm  with 
the  means  of  making  the  experiments  which  hie  piupoM 
required,  by  sacriiicing  a  great  number  of  the  deaio 
Windsor  Park  in  the  state  of  gestation;  but,  his 
principal  reseai-chea  were  those  res|)eoting  the  f^  in 
which  lie  followed  out  the  views  of  Fabricius.  In  tha 
troubles  which  succeeded  the  death  of  the  unfortuute 
Charles,  the  house  of  Harvey  was  pillaged;  and  hi 
lost  the  whole  of  the  labours  he  had  beatowcd  on  th« 
generation  of  insects.  His  work,  Exis-eitaCumo  A 
GenerotioTit  Animalium,  was  published  at  London  in 
1651;  it  is  more  detailed  anil  perfect  thfm  that  <tf 
Fabricius;  but  the  author  was  prevented  bytheon- 
settled  condition  of  the  country  from  getting  GgnM 
engraved  to  accompany  his  descriptions. 

Many  succeeding  anatomists  puridued  the  exaiun- 
tion  of  the  series  of  changes  in  generation,  and  of  tia 
organs  which  are  concerned  in  them,  esj>eciiUly  JW- 
pighi,  who  employed  the  microscope  in  this  investip- 
tion,  and  whose  work  on  the  Chick  was  ]>ublished  is 
1^73-  It  is  ioiposflible  to  give  here  any  general  vie* 
of  the  result  of  these  laborious  series  of  researuheK:  bat 
we  may  observe,  that  they  led  to  an  extremely  minate 
and  exact  survey  of  all  the  parts  of  the  f(etus,  its  c» 
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idopea  and  sppenilages,  and,  of  coiuse,  to  a  di^signutiuu 
of  tfaeiM!  l>f  appropriate  names.  Theae  names  ufterwai^ 
served  to  mark  the  attempts  wkicb  were  made  to  cany 
the  KOalogy  of  animal  geiienitiou  into  tlie  vegetable 
kingdom. 

There  is  one  genertJlzation  of  Harvey  wliiyli  deserves 
notice.'  He  waa  led  by  his  researches  to  the  coiidti- 
eioD,  that  all  living  things  may  be  properly  said  to 
come  from  eggs:  'Omne  vivum  ei  ovo.'  Thus  not 
only  do  oviparous  auimsh  produce  by  means  of  eggs, 
but  in  those  which  are  viviparous,  the  jirocess  of  gene- 
mtion  begins  with  tlie  developement  of  a  small  vesicle, 
which  comes  from  the  ovary,  and  which  exists  before 
the  embrye:  and  thus  viviparous  or  suckliDg-bea«tB, 
not withstaja ding  their  name,  are  born  from  eggs,  as 
well  aa  bii-ds,  fishes,  and  reptiles.*  This  principle  also 
excludes  that  suppused  production  of  organized  beings 
without  parents  (of  worms  in  corrupted  matter,  for 
instance,)  which  was  formerly  called  epotUaneotit  gen»- 
nUion;  and  the  best  physiologists  of  modem  times 
agree  in  denying  the  reality  of  such  a  mode  of  gene- 
ration.' 

Sect.  3. — The  ExamtTiatwn  of  the  Procem  of 
Jiejrroduclion  in  Vegetable*. 

Toe  extension  of  the  analogies  of  animal  generation 
ta  the  vegetable  world  was  fiir  from  obvious.  This 
extension  was  however  made; — with  refurBnco  to  the 
embryo  plant,  principally  by  the  microscopic  observers, 
Nehemiah  Grew,  Maroello  Malpighi,  and  Antony 
LecQwenhoek ; — with  respect  to  the  existence  of  the 
sexes,  by  LinnBus  and  his  predeceaaors. 

The  microscopic  labours  of  Grew  and  Malpighi  were 
patronized  by  the  Eoyal  Society  of  London  in  its 
earliest  youth.  Grew's  book,  The  Anaimny  of  PtatUt, 
waa  ordered  to  be  printed  in  1670.  It  coutaine  plates 
representing  extremely  well  the  process  of  germination 
in  various  seeds,  and  the  author's  observations  exhibit 
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a  very  clear  conception  of  the  relation  and  analogit*  of 
different  portions  of  the  Heei  On  the  d»y  on  whkli 
the  copy  of  this  work  was  laid  before  the  Soeie^,  t 
commuuication  from  Malpighi  of  Bologna,  Atuttrma 
Plantaruvi  Idea,  stated  his  reHearches,  and  praiaiKd 
figures  which  Mhould  illustrate  them.  Both  anthon 
afterwards  went  on  with  a  long  train  of  valuable  obner- 
vations  which  they  published  at  Tarious  times,  and 
which  contain  much  that  has  since  become  a  permanent 
portion  of  the  science. 

Both  Grew  and  Malpighi  were,  as  we  Lave  remarked, 
led  to  apply  to  vegetable  generation  many  terms  wbirh 
imply  an  analogy  with  the  generation  of  atiitntk 
Thus,  Grew  terms  the  innermost  coat  of  the  seed,  the 
aecandiitt ;  speaks  of  the  navel-JibTa,  4c  Many  mora 
such  terms  have  been  added  by  other  writers.  And, 
as  has  been  observed  by  a  modem  physiologist,'  tk« 
resemblance  is  striking.  Both  in  the  veget«hle  Ned 
and  in  the  fertilized  animal  egg.  we  have  an  emiryo, 
ehalaxa,  a  placenta,  an  umhUical  cord,  a  cieatriatla,  »n 
ttmniof,  metnbranet,  naurUhing  vue'Js.  The  colt/Mnu 
of  the  seed  are  the  equivalent  of  the  viieUtu  of  biidi, 
or  of  the  umbilical  vegide  of  sucking-beasts :  the  albumt* 
or  perigpenn  of  the  grain  is  analogous  to  the  whiu4 
the  egg  of  birds,  or  the  aUaittoid  of  viviparous  animali 

Sexes  of  PtaiUa. — The  attribution  of  sexes  to  plante, 
is  a  notion  which  was  very  early  adopted;  but  only 
gradually  unfolded  into  distinctness  and  generality,' 
Hie  ancieTits  were  acquainted  with  the  fecnndatioD 
of  vegetables.  Empedoclea,  Aristotle,  Theophrastui, 
Fliny,  and  some  of  the  poets,  make  mention  of  it:  bnt 
their  notions  were  very  incomplete,  and  tlie  conception 
was  again  lost  in  the  general  sliipwreck  of  human 
knowledge.  A  Latin  poem,  composed  in  the  fifteenth 
century  by  Jovianiis  Pontanus,  the  preceptor  of  Al- 
phonso,  King  of  Naples,  is  the  first  modern  work  in 
which  mention  is  madeof  the  sex  of  plants.  Pontanus 
sings  the  loves  of  two  date-palms,  which  grew  at  the 
distance  of  fifteen  leagues  fi'om  each  other :  the 
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k'SmndusiuDi,  the  fimiale  at  Otranta  Thediataaoe 
did  not  preveot  tho  female  from  becoming  fruitful,  aa 
soon  OS  the  palnis  had  raised  their  heads  above  the 
BUiTounding  trees,  so  that  nothing  intervened  dii'ectly 
between  them,  or,  to  speak  with  the  poet,  ao  that  they 
were  able  to  see  each  other. 

Zaluzian,  a  botanist  who  lived  at  the  end  of  the 
fifteenth  century,  says  that  the  greater  part  of  the 
species  of  planto  are  aiuiniffynes,  that  is,  have  the  pro- 
perties of  the  male  and  of  the  female  united  in  the  same 
plant;  but  that  some  species  have  the  two  sexes  in 
separate  individuals;  and  he  adduces  a  passage  of  Pliny 
relative  to  the  fecundation  of  the  date-palm.  John 
Bauliin.  in  the  middle  of  the  seventeenth  century,  cites 
the  exprcasiona  of  Zaluzian;  and  forty  years  later,  a 
professor  of  Tubingen,  Rudolph  Jacob  Canieroriiia, 
pointed  out  clearly  tlie  ot^ns  of  generation,  and  proved 
by  experiments  on  the  mulberry,  on  maise,  and  on  the 
plant  called  Mercury  (rn^rcuTi/dw),  that  when  by  any 
means  the  action  of  the  stamina  upon  the  pistils  is 
intercepted,  the  seeds  are  barren.  Camerariua,  there- 
fore, a  philosopher  in  other  respects  of  little  note,  has 
the  honour  assigned  him  of  being  the  author  of  the 
discovery  of  the  sexes  of  plants  in  modern  times."' 

The  merit  of  this  discovery  will,  perhaps,  appear 
more  conaidernlile  when  it  is  recollected  tlmt  it  was 
rejected  at  first  by  very  eminent  botanists.  Thus 
Toumefort,  misled  by  insufficient  experiments,  main- 
tained  tliat  the  stamina  are  excretory  organs;  and 
Beaumur,  at  tlie  beginning  of  the  eighteenth  century, 
inclined  to  the  same  doctrine.  Upon  this,  Geoffrey, 
an  apothecary  at  Paris,  acrutinized  afresh  the  sexual 
oi^ns;  he  examined  the  various  forms  of  the  pollen, 
already  obBerved  by  Grew  and  Malpighi ;  he  pointed 
out  the  excretory  canal,  which  descends  through  the 
style,  and  the  micropyle,  or  minute  orifice  in  the  coats 
of  the  ovide,  which  is  opposite  to  the  extremity  of  this 
canal;  though  he  committed  some  mistakes  with  regard 
to  the  aature  of  the  pollen.    Soon  afterwards,  Sebastian 
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Vaillaiit,  the  pupil  of  Tournofort,  but  the  oontcUacl 
hia  errour  011  thU  subjuct,  explained  in  his  public 
lectures  tiie  pheoomeuun  of  the  fecundation  of  pUnb, 
desoribed  the  espiosion  of  the  anthers,  and  ahoweil 
that  the  jlorcle  of  composite  flowers,  though  formed  on 
the  type  of  an  aiidroijynowi  flower,  are  eometitnes  tnttc, 
Bometimes  femule,  tuid  sometliuRS  neuter. 

But  though  the  sexes  of  plauta  had  thus  been  noticed, 
the  subject  drew  fur  more  atteutiou  -when  LinnKin 
made  the  sexual  parts  the  baaia  of  hb  classification. 
Cumerarius  and  Buikai't)  bud  alixiadj  entertained  Mich 
a  thought,  but.  it  was  LinnKua  who  carried  it  inu 
eft'ect,  and  thus  made  the  notion  of  the  sexea  of  v^ 
tables  almost  as  familiar  to  us  as  that  of  the  aexetof 
animals. 


—Tlie  Consequenl  Speculaiw 
of  GentnUion. 


-~ni/2>oO»tui 


The  views  of  the  processes  of  generation,  and  of  thof 
analogies  throughout  the  whole  of  the  orgejiic  world, 
which  were  thus  eatabliahed  and  dill'uBeil,  form  an 
important  and  aiibatantial  part  of  our  jihj-Biologiail 
knowledge.  That  a  number  of  curious  but  doubtful 
hypotheaea  should  be  put  forwards,  for  the  purpose  of 
giving  further  significance  and  connexion  to  these  di»- 
coveries,  was  to  be  expected.  We  must  content  onr- 
selves  with  speaking  of  these  very  briefly.  We  haw 
MUch  hypotheaes  in  the  earliest  antiquity  of  Greece; 
for  as  we  have  already  said,  the  speculutious  of  coe- 
niogony  were  the  source  of  the  Greek  philoaophy;  and 
the  laws  of  generation  appeared  to  offer  the  beat  promise 
of  knowledge  respecting  the  mystery  of  creation.  Hii>- 
[Kwrates  explained  the  production  of  a  new  animal  by 
the  Tiaxture  of  teed  ai  the  parents;  and  the  offspring 
was  male  or  female  as  the  seminal  principle  of  the 
father  or  of  the  mother  was  the  more  i>owerful.  Ac- 
cording to  Aristotle,  the  mother  supplied  the  mtUlef, 
and  the  fethor  the  form.     Harvey's  doctrine  was,  thtt 


f  of  tlie  Jemale  is  fertilized  by  a  nfminai  amluyion 
produced  by  the  seed  of  the  male.  But  an  opiiiioa 
which  obtnined  far  more  general  reception  was,  that 
the  embryo  pre-aaaled  in  the  mother,  before  any  union 
of  the  sexes."  It  is  easy  to  Bee  that  this  diwtrine  is 
accompanied  with  great  difficulties;'^  for  if  the  mother, 
at  the  beginning  ot'  life,  coutain  iu  her  the  embryos  of 
all  her  future  children;  these  embryos  again  mnat 
contain  the  chil<Ii-en  which  they  are  capable  of  pro- 
ducing; and  80  on  indefinitely;  and  thus  each  female 
of  each  species  coutaiua  in  heraelf  the  germs  of  infinite 
futm-e  generations.  The  perplexity  which  is  involved 
ia  this  notion  of  an  endless  scries  of  creatures,  thus 
encased  one  within  the  other,  has  natuifLJIy  driven 
inquirers  to  attempt  other  suppositions.  The  micro- 
scopic researches  of  Leeuwenboek  and  others  led  them 
to  the  belief  that  there  are  certain  aninialculea  oon- 
Uuied  in  the  seed  of  the  male,  which  are  the  main 
agents  in  the  work  of  reproduction.  This  system 
ascribes  almost  everything  to  the  male,  as  the  one  liut 
mentioned  does  to  the  female.  Finally,  we  have  the 
system  of  Btifibn; — the  famous  hypothesis  of  organia 
moleeulea.  That  philosopher  assei-ted  that  he  found, 
by  the  aid  of  the  microscope,  all  nature  full  of  moving 
globules,  which  he  conceived  to  be,  not  animals  as 
Leeuwenboek  imagined,  but  bodies  capable  of  producing, 
by  their  comhinati<tn,  either  animals  or  vegetables,  in 
short,  all  organized  bodies.  These  globides  be  called 
organic  moleculei.^^  And  if  we  inquire  how  these 
organic  molecnlea,  proceeding  from  all  parts  of  the  two 
parents,  unite  into  a  whole,  as  perfect  as  either  of  the 
progenitors,  BuSbn  answers,  that  this  is  the  e£rect  of 
an  interior  mould;  that  is,  of  a  system  of  internal 
laws  and  tendencies  which  determine  the  form  of  the 
result  as  an  external  mould  determines  the  shape  of 
the  cast. 

An   admirer  of  Biiffon,  who  has  well  shown  the 
untenable  character  of  this  system,  has  urged,  as  a  kind 
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of  apology  for  tlie  promulgation  of  the  lijpotlienj,!* 
that  at  the  period  when  its  author  wrot«,  he  could  not 
preseut  his  facts  with  any  hope  of  being  atteuded  to,  if 
he  did  not  connect  them  by  some  common  tie,  toat 
dominant  idea  which  might  gratify  tlie  mind ;  and  Uu^ 
acting  under  this  necessity,  he  did  well  to  substitnte 
for  the  extant  theories,  already  eu|)eraniiuated  iiid 
confessedly  imperfect,  conjectures  more  original  aod 
more  probable.  Witliout  dissenting  from  this  view, 
we  may  observe,  that  Buffon's  theory,  like  those  whiii 
preceded  it,  is  encusable,  and  even  deserving  of  admi- 
ration, BO  far  as  it  groups  the  facta  contiiitently;  becauH 
in  doing  tliis,  it  exhibits  the  necessity,  which  tbe  phyw^- 
logical  speculator  ought  to  feel,  of  aspiring  to  definitt 
and  solid  general  principles ;  and  that  thus,  though 
the  theoiy  may  not  bo  eatabliahed  bs  true,  it  may  be 
useftil  by  bringing  into  view  the  real  nature  and  appli- 
cation of  such  principles. 

It  is,  therefore,  according  to  our  views,  unphtloap- 
pbical  to  derive  despair,  instead  of  liope,  from  the  im- 
perfect success  of  Uuflbn  and  his  predecessors.  Yet 
this  is  what  is  done  by  the  writer  to  whom  we  refer. 
'  For  me,'  says  he,'*  '  I  avow  that,  after  having  long 
meditated  on  the  system  of  BufTon, — a  system  so  re- 
markable, so  ingenious,  so  well  matm-ed,  ao  wonderfiiUj 
connected  in  all  its  parts,  at  first  sig)it  so  probable; — 
I  confess  that,  after  this  long  study,  and  the  researches 
■which  it  requires,  I  have  conceived  in  consequence,  • 
distrust  of  myself,  a  skepticism,  a  disdain  of  hypo- 
thetical systems,  a  decided  predilection  and  exclusive 
taste  for  pure  and  rational  observation,  In  short,  a  dis- 
heartening, which  I  had  never  felt  before.' 

The  be^  remedy  of  such  feelings  is  to  be  found  in 
the  history  of  science.  Kepler,  when  he  had  been 
driven  to  reject  the  solid  epicycles  of  the  ancients,  or 
a  person  wlio  hud  admired  Kepler  as  M.  Bourdon 
admires  Biifibn,  but  who  saw  that  his  magnetic  virtue 
was  an  untenable  fiction,  might,  in  the  same  maimer, 
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hare  tlirowD  \ip  all  hope  of  a  sound  theory  of  the 
causes  of  the  celestial  motions.  But  astronomerB  were 
too  wise  aud  too  fortunate  to  yield  to  such  despondency. 
The  predecessors  of  Kewton  substituted  a  solid  ecience 
of  Mechanics  for  the  vague  notions  of  Eepter;  and  the 
time  soon  came  when  Newton  himself  reduced  the 
motiouH  of  the  heavens  to  a  Law  as  distinctly  couceived 
aa  the  Motions  had  been  before. 


CHAPTER  T. 

EXAHDIATION   OF  THE  NeRVOVS   SvbTEM,    AXT  CoS- 

8EQUENT  Speculations. 


Stet.  1. — Tie  Eravnnation  of  tJie  N^ervoui  StfHem. 

IT  is  hardly  necessary  to  illustrate  bj  further  exBinplei 
tlie  iinuiner  in  which  aiiatomicnl  observation  htt 
produced  conjectural  and  hjfpothetical  attempts  to 
connect  stnicture  and  ttction  with  some  higher  principle, 
of  a  more  peculiarly  phyHioI<^icaI  kind.  But  it  mij 
still  be  instructive  to  notice  a  esse  in  which  the  prin- 
ciple, nhich  ia  thus  brought  into  view,  is  br  mis* 
completely  elevated  above  the  domain  of  matter  and 
niechanism  than  in  thoae  we  have  yet  oonaidered;—* 
case  where  we  have  not  only  Irritation,  hut  SenariioD; 
— iiot  only  Life,  but  Conscionanean  and  WilL  A  part  of 
science  in  which  suggestions  present  themselves,  bnagi 
us,  in  a  very  striking  manner,  to  the  passage  firom  tbt 
physical  to  the  hyperphysical  sciences. 

We  have  seen  already  (chap.  L)  that  Galco  and  hi« 
predecessors  had  satisfied  tbeuuetves  that  the  nerrts 
are  the  channels  tif  perception ;  a  doctrine  which  had 
been  distinctly  taught  by  Uerophilus'  in  the  Alex- 
andrian school.  Herophilus,  however,  still  combined) 
under  this  common  name  of  Nerves,  the  Tendons; 
though  ho  distinguished  such  Nerves  from  thoae  wkidt 
arise  from  the  lirain  and  the  spinal  maiTow,  and  whick 
are  subservient  to  the  will.  In  Oaleii'f  time  thii 
subject  had  been  prosecuted  more  into  detaiL  That 
anatomist  lias  left  a  Treatise  expressly  upon  Tkt 
Anatomy  of  the  Nerves;  in  which  he  describes  the 
successive  Paim  of  Nerves  i  thus,  the  First  Pair  are  tb* 
visual    nerves:  and  we  see,    in  the  Ltaguags 
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Gslen  uses,  tlie  evidence  of  the  care  and  interest  with 
which  he  had  himself  examined  them.  '  These  nerves,' 
he  says,  '  are  not  resolved  iuto  maDy  fibres,  lilce  all  the 
other  nerves,  when  they  reach  the  organs  to  which  they 
belong;  but  spread  out  in  a  different  and  very  remark' 
able  manner,  which  it  is  not  easy  to  describe  or  to 
believe,  without  actually  seeing  it.'  He  then  gives  & 
descriptiottof  the  retina.  In  like  manner hedeacribea  the 
Second  Fair,  which  is  distributed  to  the  muscles  of  the 
eves;  the  Third  and  Fourth  Paira,  which  go  to  the  tongue 
and  palate;  and  so  on  to  theSeventhPair.  ThisdivisioD 
into  Seven  Fturs  was  established  by  Marinus,'  bnt  Vesa- 
lius  found  it  to  be  incomjilete.  The  esamination  which 
is  the  basis  of  the  anatomical  enumeration  of  theNervea 
at  present  recognized,  was  that  of  Willis,  His  book, 
entitled  Cerefrri  A7ialome,cfiiaccefsft  Nervorum deterip- 
lio  el  iitus,  appeared  at  London  in  1664.  He  made 
im|Jortant  additions  to  the  knowledge  of  this  subject.' 
Thus  he  is  the  first  who  describes  in  a  distinct  manner 
what  has  been  called  the  Ner^otia  Center*  the  pyramidal 
eminences  whicii,  according  to  more  recent  anatomJBta, 
are  the  communication  of  the  brain  with  the  spinal 
marrow:  and  of  which  the  Decimation,  describe  by 
Soutorini,  affords  the  explanation  of  the  action  of  a 
part  of  the  brain  upon  the  nerves  of  the  opposite  side. 
Willis  proved  also  that  the  Ae(ejlfiVafti/e,  the  remarkable 
nelrwork  of  arteries  at  the  Imse  of  the  brain,  observed 
by  the  ancients  in  ruminating  animals,  does  not  exist 
in  man.  He  described  the  different  Piiirs  of  Nerves 
with  more  care  than  his  predecessors;  and  his  mode  of 
nnmliering  them  is  employed  up  to  the  present  time. 
He  calls  the  Olfactory  Nerves  the  First  Pair;  previously 
to  him,  these  were  not  reckoned  a  Pair;  and  thus  the 
optic  nerves  were,  oa  we  have  seen,  called  the  first 
He  added  the  Sixth  and  the  Ninth  Pairs,  which  the 
anatomists  who  preceded  him  did  not  reckon.  Willis 
also  examined  carefully  the  different  Gangliont,  or 
knots  which  occar  upon  the  nerves.  He  traced  them 
wherever  they  were  to  he  found,  and  he  gave  a  general 
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figure  of  wliat  Cuvier  coils  the  ntrvoua  akeleloti,  vbij 
superior  to  tliat  of  YcsaliuB,  wbich  was  coarse  and 
inexact.  Willis  also  made  various  efforts  to  show  tlw 
connexion  of  the  parts  of  the  braia.  In  the  esriio 
periods  of  aoatoniy,  the  brain  had  been  (examined  bj 
slicing  it,  so  »s  to  obtain  a  section.  Yarolius  eodw- 
voureil  to  unravct  it,  and  was  followed  by  Willii 
Yicq  d'Azyr,  in  roodeni  times,  has  carried  the  method 
of  section  to  greater  perfection  than  had  before  been 
given  it;'  as  Vieussens  and  Gall  have  done  with  re- 
spect to  the  method  of  Tarolius  and  Willis.  Recently, 
Professor  Chausaier*  makes  three  kinds  of  Nerves; — 
the  Eneephallc,  which  proceed  from  the  head,  and  >n 
twelve  on  eaeh  side; — the  ifoc/ttf^tan,  which  proceed 
&om  the  spinal  marrow,  and  are  tbirtyoti  each  dde; — 
and  Compuund  Nerves,  among  which  is  the  Great  St/n- 
paretic  Nerve. 

One  of  the  moat  important  steps  ever  made  in  our 
knowledge  of  the  nerves  is,  the  distinction  which 
Bichat  is  supposed  to  have  establish eil,  of  a  gangliimie 
si/stem,  and  a  certbral  si/nUnt.  And  we  may  add,  b> 
the  discoveries  in  nervous  anatomy,  the  remarkable 
one,  made  in  our  own  tjme,  that  Uie  two  offices— of 
conducting  the  motive  impressions  from  the  centisl 
seat  of  the  will  to  tlie  muscles,  and  of  propagating 
sensations  from  the  surface  of  the  body  and  tin 
external  organs  of  sense  to  the  sentient  mind — rende , 
in  two  distinct  portions  of  the  nervous  substance.^— a 
discovery  which  has  been  declared^  to  he  '  Joabtleis 
the  most  important  accession  to  physiological  (ua- 
tomical)  knowledge  since  the  time  of  Harvey.'  Thii 
doctrine  was  first  published  and  taught  by  Sir  Charles 
Bell:  after  an  interval  of  some  years,  it  waa  more 
distinctly  delivered  in  the  publications  of  Mr.  John 
Shaw,  Sir  C.  Bell's  pujiil,  Soon  afterwards  it  wst 
further  confirmed,  and  some  part  of  the  evidence  cor- 
rected, by  Mr.  Mayo,  another  pupil  of  Sir  C.  Bell,  aoil 
by  M.  Majendie.^ 

'  Cut.  p.  40.  *  At  »nthority  for  the  txfn*- 

'  Diet.  Sc.  Ant.  IXXT.  467.  »lo[n  irhlcli  I  b>»c  now  aicd  !• 
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SeeL  a. — TJie  Consequent  Speevlalions.     Hi/poth^ 
TWpecJinj  Life,  SemtUion,  and  Volition. 

I  SHAiJ.  not  fttterapt  to  explain  the  details  of  these 
anatomical   investigations ;   und    I   shall   speak   veiy 
briefly  of  the  speculations  which  have  been  s 
hy  the  obvious  auhservience  of  the  nerves  to  life,  t 
satioD,  and  volition.     Some  general  inferences  from 
their  distribution  were  sufficiently  obvious;  as,  that 
the   seat  of  sensation  and  volition  is  in  the  brain. 
GtUen  begins  his  work,  On  the  Anatomy  of  the  A'ei 
thus :  '  That  none  of  the  members  of  the  iinimal  either 
exercises  volnnt&ry  motion,  or  receives  s 
that  if  the  nerve  be  out,  the  part  immediately  \>et 
inert  and  insensible,  is  acknowledged  hy  all  physiciai 
"Bat  that  the  origin  of  the  nerves  is  partly  from  the 
braiu,  and  partly  from  the  spinal  marrow,  I  proceed 
to  explain.'     And  in  hia  work  On  l/te  Doctrineji  of 


1S44.)     m   Book  111.   Scetion  j. 

Bhiw.ln  iBlg,  pnbliihcd  J  A'or- 

Ch.p.  I-.  ■  On  [be  Kerve.  of  Stmii- 

raliv,  0/  ««  DhawfTia    ^  Sir 

u™  «id    Slolfon.-  MUllw  Mj.. 

Clarl^MjIfU  in  Ihe  K^mtu  Su>ttm. 

'ChirlH  BrU  w.i  the  D«t  who 

Charlei    Bell    had    rurthcr    ex- 

Ih<  po»t*riof  n»l>  of  IhB  nervM 

pgDDdid  hia  TJci»  In  hli  leelurc* 

of  the  ■plDi—-tbo*e  which  ire  fur. 

to  hi'  pnpiU  (p.  89),  and  Uiat  obs 

bod  with  m  ganglion— ggrero  of  II 

luUoD  only  ;  Ihnt  the  Ulterior  rtrioiu  publlontlont.  Id  isii  ind 

and  that  the  prlmlilre  flbm  of  ame  vlem;  eipecially  In  a  He- 

thCH  root),  after  bclnf;  united  in  molr  On  Partial  /Viralyili  <p,  751. 

a  iln|[leaeiToi)«  cord,  are  mingled  IIH.   Mayo  and    MaJendlE  bath 

logelhrr  In  ordrr  to  lUpplj  the  publiihed     Memoirt    In    Anipiat. 

wanti  of  the  ticin   and  tnunclea.  iB>ii  and  in  IheHandaDbtFtiuent 

Br  developed  thli  idea  In  a  little  worlu  confimied  the  < 

■DTk,  (.(n/<f«io/annii.<Ha(aHiii  Bell.    Mr.  Aleunder  Bliaw  itatei 

ifrhtBraln.'Londoo.iiit.ivibich  (p.   07],  tbat    a  mlslake  or   ell 

waiDoHnlendMl  to  travel  beyond  Cbarles  IltU'a,  In  an  experiment 

the  drcle  of  Ida  IVIendg.'    HUllcT  wblcb  he  had  made  to  prove  bii 

laur.    Hidendle    proieented    the  the  joint  libonri  of  U.  UaJcDdit 

lame  Iheorr.   But  Mr.  Alexnnder  and  Mr.  Uayo, 
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Plato  aitd  Hi ppocralcf,  lie  proves  at  great  lengUi*tU 
the  brain  is  the  origiik  of  seosation  and  motion,  nhiai 
the  opinions  of  earlier  days,  as  that  of  Chrj!ii[ipiii,' 
who  placed  the  Jiegemonic,  or  ma:rt«r'princi{)le  uf  Ik 
Botil,  in  the  heart.  But  though  Galen  thought  tbl 
the  rational  suul  resides  in  the  brain,  be  was  fiispwl 
to  agree  with  the  poets  and  philosophers,  accordiiigtt 
whom  the  heart  is  the  seat  of  courage  and  anger,  UJ 
the  liver  the  seat  of  love.'^  The  faculties  of  the  m) 
e  by  succeeding  physiologists  contiuud  to  the  bnia; 
but  the  disposition  Ntill  showed  itself,  to  attribate  tn 
tJiem  distinct  localities.  Thus  Willis'^  places  tlu 
imaginatioQ  in  the  eorpaa  eaUoeain,  the  memory  in  tk> 
folds  of  the  kemisphereg,  the  perception  iu  the  miyi 
ttnatuni.  In  more  recent  times,  a  system  foniuM 
upon  a  similar  view  has  been  further  developed  I7 
Gall  and  his  followers.  The  germ  of  Gall's  syrtm 
may  be  considered  as  contained  in  that  of  Willis;  fcr 
Gail  represents  the  hemispheres  as  the  folds  of  a  giwt 
membrane  which  is  capable  of  being  unwrapped  ud 
spread  out,  and  places  the  different  faculties  of  maniD 
tiie  different  regions  of  this  membrane.  The  chsn 
which  iubervenea  between  matter  and  motion  on  tht 
one  side,  and  thought  and  feeling  on  the  other,  ii 
brought  into  view  by  all  such  systems;  but  noMtf 
the  hypotheses  whi<^   they   '       '  -       - 

bridge  it  over. 

The  same  observation  may  be  made  respecting  Al 
attempts  to  explain  the  manner  iu  which  the  nemi 
operate  as  the  iustruments  of  sensation  and  volition 
Ferhaps  a  i«al  step  was  made  by  Glisson,'^  profeMor  of 
medicine  iu  the  University  of  Cambridge,  who  &■ 
tiuguished  in  the  fibres  of  the  muscles  of  motioa  • 
peculiar  property,  different  from  any  merely  luccb- 
nical  or  physical  action.  His  work  On  tie  Jfatttn^ 
the  Eneri/etic  Substanee,  or  on  the  Life  of  NtOitrt  fl" 
^ila  Three  Firgt  Facuiliea,  The  Perceptive,  AppltHn 
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and  Motici,  which  wag  published  in  1672,  is  rather 
mettiphyiucAi  tbau  physiological  But  the  principles 
'which  he  eutabUshea  in  this  treatise  be  applies  more 
specially  to  physiology  in  a  treatise  On  the  StotiiacJi 
mtd  InUnlines  (Amsteniaia,  1677).  In  this  he  ascrilxs 
-to  the  fibres  of  the  animal  body  a  peculiar  power  whioli 
lie  calls  IrrUahility.  He  divides  irriialion  into  natural, 
-▼itaJ,  and  animal ;  and  he  points  ont,  though  bideflj, 
the  gradual  differences  of  irritability  in  different 
organs.  '  It  ia  hardly  comprehensible,'  says  Sprengel," 
'  how  this  lucid  and  excellent  notion  of  the  Cambridge 
teacher  was  not  accepted  with  greater  alacrity,  and 
further  unfolded  by  his  contemporaries.'  It  haa,  how- 
ever, since  been  uuiTersaJIy  adopted. 

But  though  the  diBorimination  of  muscular  irrita- 
liility  as  a  peculiar  power,  might  be  a  useful  step  in 
;ihysiological  research,  the  explanations  hitherto  offered, 
of  the  way  in  which  the  nerves  operate  on  this  irrita- 
bility, and  dischat^  their  other  offices,  present  only  a 
series  of  hypotheses.  Glisaon"  assumed  the  existence 
of  certain  vital  spirits,  which,  according  to  him,  are  a 
Duld,  sweet  lluid,  resembling  the  spirituous  part  of 
white  of  c^,  and  residing  in  the  nerves.  This  h]^>o- 
tbeais,  of  a  very  subtle  humour  or  spirit  existing  in 
the  nerves,  was  indeed  very  early  taten  up.'^  Tliis 
nervons  spirit  had  been  compared  to  air  by  EraaiHtratue, 
Asclepiades,  Oalen,  and  others.  The  chemical  tcD- 
denciea  of  the  seventeenth  century  led  to  its  being 
described  as  acid,  aulphui-eous,  or  nitrous.  At  the 
ead  of  that  century,  the  hypothesis  of  an  elher  attracted 
much  notice  as  a  means  of  accounting  for  many  phe- 
nomena ;  and  this  ether  waa  identified  with  the 
nervous  fluid.  Newton  himself  inclines  to  this  view, 
in  the  remarkable  Queries  which  are  annexed  to  his 
Optieka.  Ader  ascribing  many  physical  effects  to  hia 
eUier,  he  adds  (Queiy  33),  '  la  not  vision  performed 
chiedly  by  the  vibrations  of  this  medium,  excited  in 
the  bottom  of  the  eye  by  the  rays  of  light,  and  propa- 
gated through  the  soUd,  pellucid,  and  uniform  capilla- 
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menta  of  the  nerves  into  the  place  of  aensattont'  Ati 
(Query  34),  'Is  oot  animal  motion  performed  h;  tlM 
vibrations  of  this  medium,  excited  in  the  brain  t^  tb 
power  of  the  will,  and  propagated  ^m  thence  thrm^ 
the  capillanieuta  of  the  nerves  into  the  ningdee  fa 
contracting  and  dilating  themf  And  an  opniiii 
approaching  this  has  been  adopted  by  some  of  At 
greatest  of  modem  ]>hyBiologiats;  as  Haller,  whotaj^" 
that,  though  it  is  more  easy  to  find  what  this  nerrou 
Bpirit  is  not  than  what  it  is,  he  conceives  that,  wlt& 
it  must  be  far  too  line  to  be  perceived  by  the  senw, 
it  roust  yet  he  more  gross  than  fire,  mugnetiBm,  or 
electricity;  so  that  it  may  be  contained  in  vesseK  wd 
conlined  by  boundaries.  And  Cuvier  speaks  to  ttr* 
same  cSect:"*  '  There  is  a  great  probability  that  it  ii 
by  an  imponderable  fluid  that  the  nerve  acts  on  tin 
fibre,  and  tliat  this  nervous  fluid  is  drawn  trom  lb« 
blood,  and  secreted  by  the  medullary  matter,' 

Without  presuming  to  dissent  from  such  antbo- 
rities  on  a  point  of  anatomical  probability,  we  may 
venture  to  obsei've,  that  these  hypotheses  do  not  tend 
at  all  to  elucidate  the  physiological  principle  whid  ia 
here  involved;  for  this  principle  cannot  be  mechuiici], 
chemical,  or  physical,  and  therefore  cannot  be  betw 
understood  by  embodying  it  in  a  fluid ;  the  difficulty 
we  have  in  conceiving  what  the  moving  force  t^  it 
not  got  rid  of  by  explaining  the  machinery  by  whidi 
it  is  merely  trann/erred.  In  tracing  the  phenomena  of 
Bensation  and  volition  to  their  cause,  it  is  clear  tfatf 
we  must  call  in  some  peculiar  and  hyperphjml 
principle.  The  hypothesis  of  a  fluid  ia  nut  mode  man 
satisfactory  by  attenuating  the  fluid ;  it  heeoout 
Bubtle,  spirituous,  ethereal,  imponderable,  to  no  porpoM; 
it  must  cease  to  be  a  fluid,  before  its  motions  bu 
become  sensation  and  volition.  Thin,  indeed,  i»  *"■ 
tnowledged  by  most  jihy Biologists;  and  strongly  st»l«<l 
by  Uuvier.'^  'The  impression  of  external  otiJMU 
upon  the  me,  the  production  of  a  sensatioii,  of  an, 
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I  mystery  ioipcoetrable  for  our  thoughts.' 
I  several  places,  by  the  use  of  this  peonliar 
'til*  me,'  {le  moi,)  for  the  tientient  and  volent 
,  _;  he  maibi,  with  peckiltar  approjiriateness  and 
i,  that  phraseology  borrowed  f^om  the  world  of 
ter  will,  in  this  bubject,  no  longer  uiiawer  onr 
wse.  We  have  here  to  go  irom  Nouns  to  Pro- 
UK  from  Thing*  to  Persons.  We  paai  from  the 
tto  the  Soul,  from  Physics  to  Metapbjsii^  We 
■tne  to  the  borders  of  muterial  philosophy;  the 
■Nep  ia  into  the  domain  of  Thought  and  Mind, 
wtherefore,  we  begin  to  feel  that  wo  have  reached 
Mmdaries  of  our  present  subject.  The  examin»- 
b  that  which  lies  beyond  them  must  bo  reserved 
Ppibilasophy  of  another  kind,  und  for  the  labours 
Se  future;  if  we  are  ever  enabled  to  make  the 
Oipt  to  extend  into  that  loftier  and  wider  scone, 
principles  which  we  gather  on  the  ground  we  are 
laboriously  treading. 

iich  speculations  as  I  have  quoted  respecting  the 
ous  fluid,  proceeding  fi'om  some  of  the  gi-eateat 
jBOphers  who  ever  lived,  prove  only  that  hiihetlo 
endeavour  to  comprehend  the  mystery  of  percep- 
d  will,  of  life  and  thought,  have  been  iruitless 
Uauy  anatomical  truths  have  been  dis- 
\,  bnt,  80  far  as  our  survey  has  yet  gone,  no 
)  physiological  principle.  All  the  trains  of 
liological  research  which  we  have  followed  have 
IS  in  exact  examination  of  organization  and  fiinc- 
,  and  have  ended  in  wide  conjectures  and  arbitrary 
ttheses.  The  stream  of  knowledge  in  all  such  cases 
ear  and  lively  at  its  outset;  bnt,  instead  of  reach- 
the  great  ocean  of  the  general  truths  of  science,  it 
radually  spread  abroad  among  sands  and  deserts 
its  course  can  be  traced  no  longer. 
[itherto,  therefore,  we  must  consider  that  we  have 
to  tell  the  story  of  the  failure*  of  physiological 
iqlation.  But  of  late  there  have  come  into  view 
^K  among  physiologists  certain  principles  which 
Ba  considered  as  peculiar  to  organized  subjects; 
Kwhioh  the  introduction  forma  a  real  ad'vSiiiCft  io. 
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or^Dical  Boience.     Thmigh  these  hare  hitherto  bi 
very  imperfectly  developed,  we  must    endeftvour  ti 
exhibit,  in  Homo  measure,  their  history  and  beariDg. 

[and  Ed.]  [In  order  to  ahowthut  I  am  not  u; 
how  imperfect  the  sketch  given  in  this  work  ls.n 
History  of  Physiology,  I  may  refer  to  the  fiirtberdi 
cusaions  on  these  subjects  contained  in  the  PUiUisi^ifl 
of  the  Inductive  Sciences,  Book  ix.  I  have  ibn 
(Chap,  ii.)  noticed  the  auccesaive  Biofogrioal  Hypulktm 
of  the  Mystical,  the  latrochemical,  Mid  TiitiiiiiWlM 
matical  Schools,  the  Vital- Fluid  School,  and  the  Fn 
chical  School  I  have  (Chaps,  iii.,  iv.,  v.)  enaiM 
several  of  the  attempts  which  have  been  nude  U 
analyse  the  Idea  of  Life,  to  classify  Vital  FanetioaJ 
and  to  forni  Ideas  of  Separate  Vital  Forces.  I  hill 
considered,  in  particular,  the  attempts  to  farm  a  dkj 
tinct  conception  of  Assimilation  and  Secretion,  ^ 
Generation,  and  of  Voluntary  Motion ;  and  I  hail 
(Chap,  vi.)  further  discussed  the  Idea  of  Final  C«o» 
as  employed  in  Biology.] 


CHAPTER  VI. 


•-Vegelabie  Morphology.     Golhe.     De  CamdolU. 

ffiE  we  proceed  to  consider  the  progress  of 
^iciples  which  belong  to  animal  and  human 
ich  as  have  just  been  pointed  at,  we  must  look 

for  such  doctrines,  if  anyauch  there  be,  aa  apply 
w  all  organized  beings,  conscious  or  unconscious, 
»r  locomotice; — to  the  laws  which  regulate  vege- 
u  well  as  animal  forme  and  functions.  Though 
5  very  far  from  being  able  to  present  a  clear  and 
oted  code  of  such  laws,  we  may  refer  to  one  law, 
iSt,  which  appears  to  be  of  genuine  authority 
alidity;  and  which  is  worthy  our  attention  as 
ample  of  a  properly  organical  or  physiological 
pie,  distinct  from  all  mechanical,  chemical,  or 

ph^ical  forces;  and  such  bs  cannot  even  be 
Ted  to  be  resolvable  into  those,  I  speak  of  the 
icy  which  produces  such  results  as  Lave  been 
lit  together  in  recent  speculations  upon  Mor- 
V- 

may  perhaps  be  regarded  as  indicating  how 
ar  are  the  prinoiplas  of  organic  life,  and  how  far 
ed  from  any  mere  mechanical  action,  that  the 
g  idea  in  these  speculations  was  first  strongly 
fectively  apprehended,  not  by  a  laborious  experi- 
r  and  reasoner,  but  by  a  man  of  singidarly  bril- 
and  creative  fancy;  not  by  a  mathematician  or 
st,  but  by  a  poet.  And  we  may  add  further, 
his  poet  had  already  shown  himself  incapable  of 
f  apprehending  the  relation  of  physical  facts  to 
principles ;  and  had,  in  trying  his  powers  on  such 
its,  exhibited  a  signal  instance  of  the  ineffectual 
BTverse  operation  of  the  method  of  philosophizing 
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to  which  the  coustitution  of  hia  mind  leil  him.  IVl 
person  of  whom  we  apeak,  is  John  Wolfgang  Gii^ 
who  is  held,  by  the  unaaimoua  voice  of  Europe,  to  | 
have  been  one  of  the  greatest  poets  of  our  own,  «  «1' 
any  time,  and  whose  Doctrine  of  Colours  we  l*™ 
already  had  to  describe,  in  the  History  of  Opli<x,u 
an  entire  &i1ure.  Yet  hu>  views  on  the  lawn  vhkk 
connect  the  forms  of  plants  into  one  simple  system, 
have  been  generally  accepted  'and  followeil  up  We 
might  almoHt  he  led  to  think  that  this  writer's  poeti- 
cal endowments  had  contributed  to  this  scienti&  di»' 
covery ; — the  love  of  beauty  of  form,  by  liziiig  tlu 
attention  npon  the  Bymmetry  of  plants;  and  the  en* 
tive  liabit  of  thought,  by  making  constant  develope 
ment  of  a  familiar  process.^ 

But  though  we  cannot  but  remark  the  {leculiarit; 
of  our  being  indebted  to  a  [x>et  for  the  discovery  of  > 
scientific  principle,  we  must  not  forget  that  he  hinuell 
held,  that  iu  making  this  step,  he  had  been  guided, 
not  by  hia  invention,  hut  by  observation.  He  repelled 
with  exti-eme  repugnance,  the  notion  that  he  had  lut- 
Btituted  &ncy  for  fact,  or  imposed  ideal  laws  on  aetail 


Dlah  vcn>'ir»(,  gcUebtc,  die  iBmcndfiltigc  mitcJiuiig 
Dlew)  blDinengeAUbli  iJber  dcm  guuo  utntiETi 

YIel«  nuaED  hHresi  du  in.  und  Immer  vrrdriLagct. 
Hit  birbiruchrm  Uang.  clner  den  indvrn  Im  obr. 

AUe  KMtallcD  iliid  Ihllcb  and  kdne  gliitehM  dir  uidui 

Anf  ein  beilign  ralllKl.  O  t  kiJnote  icli  dich.  Lit^blicbe  { 
Ucbcrllercro  >»  gldcb  glOckllcU  du  lOHOde  wort. 

rbou,  my  love,  art  pcrplcit  with  the  endleu  Heming  « 
or  the  luiurliint  wcnlth  vhloh  Id  lh«  Kirdvn  ii  apreu 

IVith  B  birbarlui  nolie  one  drii 
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things.  Wliile  he  waa  earneatly  pursuing  hia  morpho- 
logical spec  Illations,  he  attempted  to  impreaa  them 
upon  Schilier.  'I  expounded  to  him,  in  as  lively  a 
manner  as  possible,  the  metaniorjihoais  of  plants,  draw- 
ing on  paper,  with  msDj  characteristic  atrokea,  a 
symbolic  plant  before  his  eyes.  He  beard  me,'  Giithe 
Bays,^'with  much  interest  and  distinct  coniprehenaioa; 
but  when  I  had  done,  he  shook  his  head,  and  said, 
'That  ia  not  Experience;  that  is  an  Idea:'  I  stopt 
with  some  degree  of  irritation ;  for  the  point  which 
separated  na  waa  marked  most  luminously  by  this 
espreaaion.'  And  in  tlie  same  work  he  relates  his 
botanical  studies  and  his  habit  of  observation,  from 
which  it  is  easily  seen  that  no  common  amotmt  of 
knowledge  and  notice  of  details,  were  involved  in  the 
oourae  of  thought  which  led  him  to  the  principle  of  the 
Metamorjihosis  of  Plants. 

Before  I  state  the  history  of  this  principle,  I  may 
be  allowed  to  endeavour  to  communicate  to  the  reader, 
to  whom  this  subject  is  new,  some  conception  of  the 
principle  itsel£  This  will  not  be  difficult,  if  he  will 
imagine  to  himself  a  flower,  for  instance,  a  common 
wild-rose,  or  the  blossom  of  an  apple-tree,  as  consisting 
of  a  series  of  parts  disposed  in  whorh,  placed  one  over 
another  on  an  ax'u.  The  loweat  whorl  is  the  calyx 
with  ita  five  sepals;  above  this  is  the  corolla  with  ita 
five  petals;  above  this  are  a  multitude  of  stamens, 
which  may  be  considered  as  separate  whorls  of  five 
each,  otten  repeated ;  above  these  is  a  whorl  composed 
of  the  ovsries,  or  wliat  become  the  seed-vea-iels  in  the 
froit,  which  are  five  united  together  in  the  apple,  but 
indefinite  in  number  and  separate  in  the  rose.  Now 
the  morphological  view  is  this; — that  the  members  of 
each  of  these  whorls  are  in  their  nature  identical,  and 
if  they  were  whorls  of  ordinary  leaves, 
ight  together  by  the  shortening  their  (»mmon 
I,  and  modified  in  form  by  the  successive  elabora- 
[  their  nutriment  Further,  according  to  this 
r,  a  whorl  of  leaves  itaelf  b  to  be  conaidered  as 
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identical  with  severa!  detached  leaves  diapemed  spLcsJly 
along  the  axis,  and  brought  together  because  the  &si 
is  shortened.  Thus  all  the  parts  of  a  plant  are,  or  at 
least  repreaent,  the  auccessive  metAmorphosea  of  the 
same  elementaiy  member.  The  root-leaves  thus  pau 
into  the  common  leaves; — these  ioto  bractete; — tbew 
into  the  sepals ; — theae  into  the  petals ; — these  mto  Uis 
etamens  with  their  anthers; — these  into  the  ovaria 
with  their  styles  and  stigmas; — those  ultimat«I;  be- 
come the  fruit;  and  thus  we  are  Gnallj  led  to  the  teed 
of  a  new  plant. 

Moreover  the  same  notion  of  metamorphosis  nu; 
be  applied  to  explain  the  existence  of  flowers  whicii 
are  not  symmetrical  like  those  we  have  just  referred  u^ 
but  which  have  an  irregular  corolla,  or  calyx.  The 
papilionaceous  flower  of  the  pea  tribe,  which  U  m 
markedly  irregular,  may  be  deduced  by  easy  gradationi 
from  the  regular  flower,  (through  the  mimotea,)  hj 
expanding  one  petal,  joining  together  two  others,  and 
modifying  the  form  of  the  intermediate  ones. 

Without  attempting  to  go  into  detail  respecting  tha 
proofa  of  that  identity  of  all  the  diflbrent  or^;aiji^  and 
aU  the  diflerent  forms  of  plants,  which  is  thus  aHserted, 
we  may  observe,  that  it  rests  on  suoh  grounds  as  these; 
— the  transformations  which  the  parts  of  flowen 
undergo  by  accidents  of  nutriment  or  enpoaure.  Such 
changes,  considered  as  monstrosities  where  they  are 
very  remarkable,  show  the  tendencies  nnd  possibilitia 
belonging  to  ths  organisation  in  which  they  occur.  For 
instance,  the  single  wild-rose,  by  culture,  trBnafenDS 
many  of  its  numerous  stamens  into  petals,  aai  thus 
acquires  the  deeply  folded  flower  of  the  double  gudcn- 
rose.  We  cannot  doubt  of  the  reality  of  this  <;htqgE^  ttx, 
we  often  see  stamens  in  which  it  is  incomjJeto,  In 
other  cases  we  find  petals  becoming  leaves,  and  ftbmKi]i 
growing  out  of  the  center  of  the  flower,  Some  pear- 
trees,  when  in  blossom,  are  remarkable  for  tttai  ten- 
dency to  such  monstrosities.*  Again,  we  find  tha.t  flowera 
which  are  usually  irregular,  occasionally  become  IregoUr, 

'  Ltiidler,  Xal.  Si/il.  p.  84.  j 
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wjd  conversely.  The  common  snap-dragon  (Ltnonavuf- 
garis)  iiffordsacuriouB  instance  of  this.*  The  usual  form 
of  Uu8  plantia'penionate,' the  corolln  being  divided  into 
two  lobes,  which  differ  in  forni,  and  together  present 
somewhat  the  appearance  of  an  animal's  fttcej  and  the 
uppei-  portion  of  the  corolla  is  prolonged  Iwckwards 
into  a  tube-like  '  spur.'  No  flower  can  be  more  itra- 
gular;  but  there  ts  a  singular  Twiety  of  this  plant, 
termed  Ptittria,  in  which  the  corolla  is  strictly  symme- 
trical, consisting  of  a  conical  tube,  narrowed  in  front, 
elongated  behind  into  five  equal  spurs,  and  containing 
five  stAmens  of  equal  length,  instead  of  the  two  un- 
equal pairs  of  the  didynamoiis  Linaria.  These  and  the 
like  appearauces  show  that  there  is  in  nature  a  capacity 
for,  and  tendency  to,  such  changes  aa  the  doctrine  of 
metamorphosis  asserts. 

GfithiiBAfelanuirplioBUqf  Plants  vt^  published  1790: 
and  bis  ayatem  was  the  result  of  his  own  independent 
course  of  thought.  The  view  which  it  involved  was  not, 
however,  absolutely  new,  though  it  had  never  before 
been  unfolded  in  so  distinct  and  persuasive  a  manner. 
Linnsus  cousidered  the  leaves,  calyx,  corolla,  stamens, 
each  as  evolved  in  succession  from  the  other;  and 
spoke  of  it  as  prolepeig  or  aniicipalion,^  when  the  leaves 
changed  accidentally  into  bractere,  these  into  a  calyx, 
this  into  a  corolla,  the  corolla  into  stamens,  or  these 
into  the  pistil.  And  Caspar  Wolf  apprehended  in  a 
more  general  manner  the  same  principle.  '  In  the 
whole  plant,'  says  he,'  '  we  see  nothing  but  leaves  and 
stalk ;'  and  in  order  to  prove  what  is  the  situation  of 
the  leaves  in  all  their  later  forms,  be  adduces  the  coty- 
ledons as  the  first  leaves. 

Gothe  was  led  to  his  system  on  this  subject  by  hia 
general  views  of  nature.  He  saw,  he  says,'  that  a  whole 
life  of  talent  and  laborir  was  requisite  to  enable  any 
one  to  arrange  the  infinitely  copious  organic  forms  of  a 
single  kingdom  of  nature,    'Yet  I  felt,'  he  adds,  'that 
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for  me  there  must  be  another  way,  analogous  to  1^| 
rest  of  my  habits.  The  appearance  of  the  cbaogci, 
round  and  round,  of  oi^^nic  creatures  bad  tjikeu  stroDj; 
hold  on  my  mind.  ImagioalioD  uud  Natum  appeared 
to  me  to  fie  with  eacli  other  which  could  go  on  most 
boldly  yet  most  consistently.*  liis  obserTtttiim  tf 
nature,  directed  byBiicti  a  thought,  lud  liiiu  to  thedo^ 
trine  of  tlie  uietnmoi'phosiH. 

Id  a  later  repulilication  of  hia  work  (.?ur  itor- 
phologis,  1817,)  be  givea  a  very  Bgreeable  account  rf 
the  various  dreumstancea  which  affected  the  reoeption 
and  progress  of  liis  doctrine,  Willdenow  *  quoted  Hm 
thus ;— '  The  life  of  plants  b,  as  Mr.  (jiithe  veiy 
prettily  says,  an  expansion  and  contraction,  nod  tbne 
alternations  make  the  various  periods  of  lifii.'  'Thij 
'preUiltf,"  says  Giithe,  'I  can  be  well  content  with, 
but  the  'egregW  of  Usteri  is  much  more  pretty  and 
obliging.'  Usteri  hud  used  this  term  rcajtcuting  Oiitbe 
in  an  edition  of  Jussieu. 

The  apijlicatioQ  of  the  notion  of  metamorphosis  fai 
the  explanation  of  double  and  monstrous  flowers  hid 
been  made  previously  by  Jussieu.  Gotbe's  merit  *«. 
to  have  referred  to  it  the  regular  formation  of  the 
flower.  Aud  as  Sprengel  juBtly  says,"  his  view  had  w 
profound  a  ntL-aning,  made  so  strong  an  appeal  by  ib 
simplicity,  and  was  so  fruitful  in  the  moA  valiMhle 
consequences,  that  it  was  not  to  be  wondered  at  if  it 
occasioned  further  examination  of  the  subject;  althoa^ 
many  persons  pretend  to  slight  it  The  t&sk  of  con- 
firming and  verifting  the  doctrine  by  a  general  appt 
cation  of  it  to  all  coses,- — a  labour  so  iinportant  and 
necessary  after  the  promulgation  of  any  groat  princlpk^ 
— Giithe  himself  did  not  execute.  At  first  he  cotleirted 
specimeua  and  made  drawings  with  some  auch  view,** 
but  he  was  interrupted  and  diverted  to  oilier  maltem 
'  And  DOW,'  says  he,  in  his  later  publication,  '  when  I 
look  back  on  this  undertaking,  it  is  easy  to  see  that  the 
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object  which  I  had  before  my  eyes  wM,  for  me,  in  my 
position,  with  mj  habits  and  mode  of  thinking,  unat- 
tainable. For  it  was  no  lens  than  this:  that  I  was  to 
take  that  which  I  had  stated  in  general,  and  presented 
to  the  conception,  to  the  mental  intuition,  in  words; 
and  that  I  should,  in  a  particularly  visible,  orderly, 
and  gradual  manner,  present  it  to  the  eye;  so  aa  to 
show  to  the  outward  senfie  that  out  of  the  genn  of  this 
idea  might  grow  a  tree  of  physiology  fit  to  overshadow 
the  world.' 

Voigt,  professor  at  Jena,  waa  one  of  the  first  who 
adopted  Gothe's  fiew  into  an  elementary  work,  which 
he  did  in  1808.  Other  botanists  lalioured  in  the  di- 
rection which  had  thus  been  pointed  out.  Of  tho«e 
who  have  thus  contributed  to  the  estnblishrDent  and 
ilevelopement  of  the  metamorphic  dnctrine,  Professor 
De  Candolle,  of  Geneva,  is  jierha^is  the  most  important. 
His  Theory  of  Developement  rests  upon  two  main 
jirinciples,  abortion  and  adiieaion.  By  considering  some 
parts  as  degenerated  or  absent  through  the  aliortion  of 
the  buds  which  might  have  formed  them,  and  Other  parts 
as  adhering  together,  he  holds  that  all  plants  may  be 
reduced  to  [lerfect  symmetry :  and  the  actual  and  con- 
stant occurrence  of  such  incidents  is  shown  beyond  all 
doubt.  And  thus  the  snap-dragon,  of  which  we  have 
■poken  above,  is  derived  from  the  Peloria,  which  is  the 
normal  oosdition  of  the  flower,  by  the  abortion  of  one 
Btomen,  and  the  degeneration  of  two  others,  Such 
examples  are  too  numerous  to  need  to  be  dwelt  on. 

Sect.  2. — Application  of  Vegetable  Morphology. 

Thi  doctrine,  being  thus  fully  estahlisbed,  has  been 
aj^lied  to  solve  different  problems  in  botany  ;  for  in- 
■taooe,  to  explain  the  structure  of  flowers  which  appear 
at  first  sight  to  deviate  widely  from  the  usual  forms  of 
the  vegetable  world.  We  have  an  uutAuce  of  such  an 
applicaUon  in  Mr.  Robert  Brown's  explanation  of  the 
nal  structure  of  various  plants  which  had  been  entirely 
uUButiileritood:  as,  for  example,  the  genus  Euphvrinif. 
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In  this  plant  he  showed  tliat  what  had  been  held  to  be 
a  jointed  filament,  was  a  pedicel  with  a  fiJameut  above 
it,  the  intermediate  corolla  having  evanesced.  In 
Orckidea,  (the  orchis  tribe.)  he  showed  that  the  |>ecultir 
structure  of  the  plant  arose  from  its  having  six  staffleni 
(two  seta  of  thi-ee  each),  of  which  five  are  DHuUl; 
abortive.  In  ConijertB,  (the  conc-beariug  trees,)  it  wmi 
made  to  appear  that  the  seed  was  naked,  while  the 
accompanying  appendage,  corresponding  to  a  seed- 
vessel,  assumed  all  forma,  from  a  complete  leaf  to  • 
mere  scale.  In  like  manner  it  was  proved  that  tht 
pajipus,  or  down  of  cortiposUe  plants,  (as  thistle^)  iii 
transformed  caljx- 

Along  with  this  successful  application  of  a  profouid 
principle,  it  was  natural  that  other  botanists  should 
make  similar  attempts.  Thus  Mr.  Lindley  was  led  to 
take  a  view^^  of  the  stnicture  of  Reseda  (mignonette) 
different  from  that  usually  entertainedj  which,  whea 
published,  attracted  a  good  deal  of  attention,  and 
gained  some  converts  among  the  botanists  of  Germonj 
and  France.  But  in  1833,  Mr.  Lindlej  ssys,  with 
great  candour,  '  Lately,  Frofossor  Henslow  has  aatif- 
factorily  proved,  in  part  by  the  aid  of  a  monntrositT  in 
the  common  Mignonette,  in  part  by  a  severe  applio- 
tion  of  morphological  rules,  that  my  hypothesis  must 
necessarily  be  false.'  Such  an  agreement  of  different 
botanists  respecting  the  consequecces  of  morpholo- 
gical rules,  proves  Oie  reality  and  universality  of  tht 

We  find,  therefore,  that  a  principle  which  we  msf 
call  the  Principle  of  Developed  and  MetaTOOrpKoad 
Sijmmetry,  is  firmly  established  and  recognized,  and 
familiarly  and  successfully  applied  by  botanists.  And 
it  will  be  apparent,  on  reflection,  that  though  symmetry 
is  a  notion  which  applies  to  inorganic  as  veil  as  to 
organic  things,  and  is,  in  fact,  a  conception  of  oertain 
relations  of  space  and  position,  such  developement  asd 
metcmwrphoms  as  are  here  spoken  of,  are  ideas  tutinly 
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different  from  any  of  tliose  to  which  the  physical 
sciences  have  led  us  in  our  previous  Burrey ;  and  are, 
in  short,  gennine  orgaaical  or  physiological  ideas  j — 
real  elemenls  of  the  philoaophy  of  life. 

We  muat,  however  imperfectly,  endeavour  to  tmce 
the  application  of  this  idea  in  the  other  great  depart- 
ment of  the  world  of  life;  we  most  follow  the  hiitory 
of  Animal  Morphology. 


THE  most  general  and  constant  relations  of 
fonn  of  tlie  organs,  both  in  plants 
[ire  tLe  mast  natural  grounds  of  classification.  Henec 
the  firat  scieutific  cla3ai6cationa  of  animulB  are  tlw 
first  BtepB  in  animal  aiorphologj'.  At  first,  a  soalogy 
waa  constructed  by  arranging  aninials,  as  plants  were 
at  first  arranged,  according  to  their  extorual  paiU 
But  in  the  course  of  the  researches  of  the  anatomisU 
of  the  seventeenth  century,  it  was  seen  that  the  intemil 
struoture  of  nuimals  offered  resemblances  and  tranM- 
tions  of  a  far  more  coherent  and  philosophical  kind, 
and  the  science  of  Comparalive  Anatomy  mee  into 
favour  and  imjiortanee.  Among  the  main  cultivalon 
of  this  science '  at  the  period  just  mentioned,  we  find 
Francis  Kedi,  of  Arezzo;  Gui chard-Joseph  I>UTeTn^, 
who  was  for  sixty  years  Profesaor  of  Anatomy  At  tl* 
Jardin  du  Rot  at  Paris,  and  during  this  lapse  <if  tiw 
had  for  his  pupils  almost  all  the  greatest  anatoniisti  li 
the  greater  part  of  the  eighteenth  century ;  Neheuiib 
Grew,  secretary  to  the  Royal  Society  of  London,  wkm 
Anaiomy  of  PlanU  we  have  already  noticed. 

But  Comparative  Asalomy,  which  had  been  cnl6- 
vated  with  ardour  to  the  end  of  the  serenteestl 
cpntnry,  was,  in  some  meaBUi'e,  neglected  during  tit 
first  two-thirds  of  the  eighteenth.  The  progren  of 
botany  was,  Cuvier  sagaciously  suggests,^  one  cxoMti 
this;  for  that  science  had  made  its  advances  liy  OOD- 
fining  itself  to  external  chHi-ai:t«r3,  and  rejeodng 
anatomy;  and  though  Linnieua  acknowledged  the  im- 
pendence of  zoology  upon  anatomy'  so  fiu'  as 
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the  number  of  teeth  bis  characters,  even  this  wiw  felt, 
iu  Ilia  method,  as  a  bold  etepL  But  bia  iafluence  va» 
soou  opposed  h}r  that  of  Buflbn,  Daubenton,  and  Fallas; 
who  ftgaia  brought  into  view  the  importAnce  of  com- 
parative anatomy  in  Zoology;  at  the  same  time  that 
Haller  proved  how  much  might  be  learnt  from  it  in 
Physiology.  John  Hunter  in  England,  the  two 
Munros  in  Scotland,  Camper  in  Holland,  and  Ticq 
d'Ajyr  in  France,  were  the  first  to  follow  the  path 
thus  pointed  out.  Camper  threw  the  glance  of  genius 
OD  a  hoHt  of  intereating  objects,  but  almost  all  that  he 
produced  was  a  number  of  sketches;  Vicq  d'Azyr, 
more  assiduous,  was  stopt  in  the  midst  of  a  most  bril- 
liaat  career  by  a  premature  death. 

Such  is  Cuvier's  outline  of  the  earlier  history  of 
comparative  anatomy.  We  shall  not  go  into  detail 
upon  this  subject;  but  we  may  observe  that  snch 
stadies  had  fixed  in  the  rainda  of  naturalists  the  con- 
viction of  the  possibility  and  the  propriety  of  consider- 
ing large  divisions  of  the  animal  kingdom  a.s  modifica- 
tions of  one  common  li/pe.  Belon,  as  early  as  15^5, 
bad  placed  the  skeleton  of  a  man  and  a  bird  aide  by 
side,  and  shown  the  correspondence  of  parts.  80  far 
as  the  case  of  vertebrated  animals  extends,  this  corre- 
spondence is  generally  allowed;  although  it  re(]uired 
•ome  ingenuity  to  detect  its  details  in  some  cases;  for 
iaatance,  to  see  the  analogy  of  parte  between  the  head 
of  a  man  and  of  a  fish. 

In  tracing  these  less  obvious  correspondencies,  some 
ourioua  steps  have  been  made  in  recent  times.  And 
here  we  must,  I  conceive,  again  ascribe  no  small  merit 
10  the  same  remarkable  man  who,  as  we  have  already 
had  to  point  oat,  gave  so  great  an  impulse  to  vegetable 
morphology.  Golhe,  whose  talent  and  disposition  for 
speculating  on  all  parts  of  nature  were  tndy  admirable, 
was  excitt^  to  the  study  of  anatomy  by  his  propinquity 
to  the  Duke  of  Weimar's  cabinet  of  natural  history. 
In  1786.  Ue  published  a  little  essay,  the  object  of 
which  was  to  show  that  in  man,  as  well  as  in  beasts, 
the  upperjawcontaiuE  an  intermaxillary  bone,  although 
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tiie  satiiroa  are  obliterated.  After  1790,*  animaltj 
and  impelled  by  the  sami!  puSBion  for  naturol  al»em- 
tion  and  for  general  views,  which  had  produced  liit 
Metamorphosis  of  Flaat^  he  pursued  his  speculktiou 
on  these  subjects  eagerly  and  successfully.  And  a 
1795,  he  published  a  Sketch  of  a  Univeraid  IntroAe- 
tion  into  Comparative  Anatomy,  beginning  ioith  (Mm- 
logy;  in  which  be  attempts  to  Gstabliah  an  '  osteolt^icsl 
type,'  to  which  skeletons  of  all  animals  may  be  idorsi 
I  do  not  pretend  that  Oothe's  anatomical  works  htn 
had  any  influence  on  the  progress  of  the  scienoe  eat- 

fiarable  with  that  which  has  been  esercised  by  tb 
abours  of  professional  aDatomists;  but  the  ingenuity 
and  value  of  the  views  which  they  contaiiud  wh 
acknowledged  by  the  best  authorities;  and  tlie  clcaitr 
introduction  and  application  of  the  principle  of  deve- 
loped and  metamorphosed  symmetry  may  be  diiiA 
from  about  tliis  time.  Gothe  declares  that,  at  an  au4y 
period  of  these  speculations,  he  was  convinced'  Unl 
the  bony  head  of  beasts  is  to  be  derived  fimn  «x 
vertebrte.  In  1807,  Oken  pnblished  a  '  Program'  fti 
&e  Signijkation  of  tlie  Boneg  qf  tii*  Skull,  in  which  bt 
maintained  that  these  bones  are  equivalent  to  ba 
vertebrte;  and  Meckel, in  his  Comparative  Ajiatomg,a 
181 1,  also  resolved  the  skull  into  vert«brfe.  But  Spii, 
in  his  elaborate  work  Cephalogetteiia,  in  1815,  rediuxd 
the  vertebrffi  of  the  head  to  three,  '  Oken,'  he  "ij^' 
'  published  opinioas  merely  theoretical,  and  ooom- 
quently  contrary  to  those  maintained  in  tfais  wori^ 
which  are  drawn  from  observation.'  This  resolution 
of  the  head  into  vertebras  is  assented  to  by  many  oi 
the  beat  physiologists,  as  explaining  the  distribotioD 
of  the  nerves,  and  other  phenomena.  Spix  further 
extended  the  application  of  the  vertebral  theory  to  Ha 
heads  of  all  classes  of  vertebrate  animals ;  and  Bojama 
published  a  Memoir  e!(pressly  on  the  vertebral  etnutan 
of  the  skulls  of  fishes  iu  Oken's  IfU  for  iS  tS.  Qeottnf 
Saint-Hilaire  presented  a  lithographic  plate  to  tlN 
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ind  deTelnped  liia  views  of  the  vertebral  couposition 
>f  the  »kull  ia  two  MemoiTB  publixhed  in  the  Annaleg 
tea  Sciences  NaturelUv  for  18^4.  We  cannot  fail  to 
■ecoguize  here  the  attempt  to  apply  to  the  skeleton  of 
Loimals  the  principle  which  leads  botanists  to  consider 
Jl  the  parts  of  a  flower  as  transformationfl  of  the  same 
•igaus.  How  iar  the  application  of  the  princijile,  as 
lere  proposed,  ia  jiiat,  I  must  leave  philosophical 
)hyBiologiat8  to  decide. 

By  these  and  similar  researches,  it  is  held  by  the 
lest  physiologists  that  the  skull  of  all  Tertebrate 
initn^B  is  pretty  well  reduced  to  a  uniform  structure, 
md  the  kwa  of  its  vni-iiitioDS  nearly  determined.^ 

The  veilebrate  animals  being  thus  i-educed  to  a 
nngle  type,  the  question  arises  how  far  tliis  can  be 
done  with  regard  to  other  animals,  and  how  mauy 
tuch  types  there  are.  And  here  we  come  to  one  of 
the  important  services  which  Cuvier  rendered  to  natu- 
ral history. 

Sect.  2. — Distinelion  o/llix  General  Types  of  the  Forms 
of  A  nimals. — Cuvier. 

Akimals  were  divided  hy  Lamarck  into  vertebrate 
and  invertebrate;  and  the  general  analogies  of  all 
vertebrate  animals  are  easily  made  manifest.  But  with 
regard  to  other  animals,  the  point  is  f&r  from  clear, 
Cuvier  vka  the  first  to  give  a  really  philosophical  view 
of  the  animal  world  in  reference  to  the  plan  on  which 
each  animal  is  constructed.  There  are,''  he  says,  four 
such  plans ; — four  forms  on  which  nniinala  apjiear  to 
have  been  modelled;  and  of  which  the  ulterior  divi- 
Bions,  with  whatever  titles  naturalists  have  decorated 
them,  are  only  very  slight  modifications,  fouudwl  on 
the  developement  or  addition  of  some  parts  which  do 
not  produce  any  essential  change  in  the  jilan. 

These  four  great  bi'anches  of  the  animal  world  are 
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^M  the  verlftrtUa,  moKusea,  arttevlata.  mdiaia:  ani  Ik    | 

^^k  dlfferencen  of  these   ore  ao   important   thut  a  ili^ii 

^1  exjilanntioD  of  them  ma^  be  permitted.  I 

^H  The  vtrUbrata  are  those  animals  which  {aa  ihbd  vA 

^H  other  tiucklers,   birds,   fishes,   lizards,   frogs,   serfieata) 

^H  have  a  back-booe  and  a  Hkoll  with  lateral   appendifa,    I 

^H  within  which  the  viscera  are  included,  aud  to  wliicli    ' 

^H  the  muscles  are  attached. 

^^L  The  moUunca,  or  soft  animala,  have  no  bony  ekeletm;    | 

^H  the  muscles   are   attached  to  the   ekiu,  vhtch  oftn 

^H  includes  stony  jilates  called  shells;  such  molliucs  IR    i 

^1  shell-tiah ;  others  are  cuttle-fish,  and  many  pulp;  «i- 

^B  The   artictilata  coiiHist   of  cnixtacea,   (lobsters,  k^ 

^1  imcctg,  gpittert,  aud  annvliige  worms,  which  consist  rf  i 

^P  bend  and  a  number  of  successive  annular  portioni  vl 

^1  the  bodyjuiiiW  together,  (to  the  interior  of  which  llw 

^^t  muscles  are  attached,)  whence  the  name. 

^P  Finally,  the  radinta   include  the    animals  knon 

H^  under  the  name  of  zoophyUs.     In  the  preceding  tkn* 

I  branches,  the  organs  of  motion  and  of  sense  wen  lii*- 

tributed  symmetrically  on  the  two  sides  of  an  axis,  H 

that  the  animal  has  a  right  and  a  lefl  side.     In  ifat 

radiata  the  similar  members  radiate  from  the  axis  in* 

circular  manner,  like  the  petals  of  a  regular  flower. 

The  whole  \'nluii  of  such  a  classification  caimot  ba 
undenitood  without  explaining  its  use  in  enabling  1M 
to  give  general  descriptions,  and  general  Uwb  of  Ae 
animal  functions  of  the  claaBea  which  it  inctudeflj  bat 
in  the  present  i>art  of  our  work  our  biieineas  ii  to 
exhibit  it  as  an  exemplification  of  the  redaetioD  of 
animals  to  laws  of  Symmetry.  The  bipartite  Symiiiuliy 
of  the  form  of  vertebrate  and  articulate  awimJ^  % 
obvious;  and  the  reduction  of  the  various  fimM  t( 
such  animals  to  a  common  type  has  been  eSect«d,  If 
attention  to  their  anatomy,  in  a  manner  whioh  W 
satisfied  those  who  have  best  studied  the  aubject.  tbt 
molluscs,  esjiecially  those  in  which  the  head  dia^^Mn 
as  oysters,  or  those  which  are  rolled  into  a  B[jnl,« 
snails,  have  a  less  ohvious  Symmetry,  but  here  alao  W« 
ciu)  apply  certain  general  types.     And  the  Synunrtiy    i 


»  mlgeet,  and  « 

t  the  Sooe^  at  S ^  _  _ 

,   o£  Floral,  m   the  7^  Ht  «f  Av  1 

1793.)  pnidcd  m  &e  ASMrfc  fUUmfUfm.- 

1  to  dw  Ifdfatt^  Ac  titk  Vhm^ 
'    r  31,  i8oi>.    I  atunm^  Smo- 

s  to  tlw  b»A  fi»w>d  if  t 
elarti 

1^  torn.  xJK.'     Hk  gmt  ijHiiiilii  «a>^  Aa 

a  JimNO^  fboaded  OQ "     ' 

3  in  1817  i  wtd  ttBoe  : 
It  eoBuncmlT  accepted  aanmg  nstaimlifU. 
1  Ed.]   'iThe  quMtioa  of  Um  Claw 
*■   is   ducuwed   in   the   fint  of  ProC  Oven's 
I   on   Ute   I>wert«braU  AiimaU  (i843>.     Hr. 

I    titml.  t^*    arrmiMpnU^t  of  ■"!*"■!■    inlo 

I   and   Iiwertebrate  vhidt   prevailed    befora 
t  uecesBuitjr  Iiad,  imumnirh  aa  do  tMjrotitt 

r  in  Zoology  giree  true  natanl  groajN.  Ueno» 

the  establUhiueDt  of  the  tub-Hngdomt,  MoUtuea,  Arti- 
eulaia,  Ribdia-'a.,  as  co-ordinate  with  VtHAmUt,  aOiMrd- 
iog  to  tiie  arrau^rem^nl  of  the  nerrous  system,  was  a 
most  iiu[iort«nt  advajice.  But  Mr.  Owen  has  seen 
reason  to  separate  the  Eadiata  of  Cu>-ier  into  two 
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divisions;  the  NemaUmeura,  in  which  the  nervaa 
ajatem  can  be  traced  in  a  filamentaiy  form  (inclwliiif 
Edttaodertna,  CHioiinuAiala,  GadebmrUha,  Ratify 
and  the  Acrita  or  lowest  division  of  the  animal  king- 
dom, including  AcaUplui,  Nudtbrachiata,  Stenlmint^ 
Polygaxtria.'] 

Seel.  3.— J/te/ii;j(s  to  estabUsh  tke  lilenlity  of  fhe  TffH 
of  Aninud  Forme. 

ScPPOBUfO  thia  great  atep  in  Zoology,  of  whidi  *< 
have  given  an  account, — the  reduction  of  alt  aniiuli 
to  four  types  or  plana, — to  be  quite  secure,  we  *n 
then  led  to  aak  whether  anj  further  advance  b  pw- 
Bible ; — whether  several  of  theaii  types  can  be  referred 
to  one  common  form  by  any  wider  effort  of  genenJia- 
tion.  On  thia  question  there  has  been  a  coosidenble 
difference  of  opinion.  Geoffrey  Saint-Hi laire,"  *bo 
had  previously  endeavoured  to  show  that  all  vertebnle 
animals  were  oonatructed  bo  exactly  upon  the  WK 
plan  as  to  preserve  the  strictest  analogy  of  parti  in 
respect  to  tlieir  osteology,  thought  to  extend  thi* 
uuity  of  plan  by  demonatrating,  that  the  hard  put!  of 
crustaceans  and  iuaecta  are  still  only  modiiicationi  d 
the  skeleton  of  higher  animals,  and  that  therefore  ibe 
type  of  vertebrata  must  be  made  to  include  thun 
also : — the  segments  of  the  articulata  are  held  t«  be 
strictly  analogous  to  the  vertebne  of  the  higber 
animals,  and  thus  the  former  live  ictthin  their  verte- 
bral column  in  the  same  manner  as  the  latter  Utc 
withmU  it.  Attempts  have  even  been  mode  to  reduce 
molluscous  and  vertebrate  animals  to  a  commniul^  tf 
type,  as  we  shall  see  shortly. 

Another  application  of  the  principle,  BccoTding  b 
which  ci-eatuies  the  most  different  are  developeiMita 
of  the  same  original  type,  may  be  discerned"  in  tb 
doctrine,  that  the  embryo  of  the  higher  fomu  tf 
animal  life  parses  by  gradations  through  thoaefpMI' 
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e  permanent  in  mferior  animals.  Thus,  ac- 
iding  to  this  view,  the  human  fistus  aHeunies  siiccea- 
toly,  tlie  plAn  of  the  zoophyte,  Uie  worm,  the  fish, 
B  turtle,  the  bird,  the  heaet.  But  it  has  been  well 
rved,  that  '  in  these  analogies  we  look  in  vain  for 
t  pi'ecision  which  can  alone  support  the  iufefence 
t  has  been  deduced;''^  and  that  at  each  step,  the 
r  embryo  and  the  lower  animal  which  it  is  sup- 
to  resemble,  differ  in  having  each  different 
s  suited  to  their  respective  destinations, 
JCavier'*  never  assented  to  this  view,  nor  to  the 
mpts  to  refer  the  different  <liviuons  of  his  system 
I  type.  '  He  could  not  admit,'  saya  hia 
'  that  the  lungs  or  gills  of  the  vertebrates 
ame  conuexion  as  the  branchls  of  molluscs 
and  crastaceans,  which  in  the  one  are  situated  at  the 
base  of  the  feet,  or  fised  on  the  feet  themselves,  and  in 
the  other  often  on  the  back  or  about  the  arms.  He 
did  not  admit  the  analogy  between  the  skeleton  of  the 
vertebrates  and  the  skin  of  the  articulates;  he  could 
not  believe  that  the  trenia  and  the  sepia  were  con- 
Etructed  on  the  same  plan ;  that  there  was  a  aimUarity 
of  composition  between  the  bird  and  the  echinus,  the 
whale  and  the  snail ;  in  spite  of  the  skill  with  which 
some  persons  sought  gradually  to  efface  their  dis- 
crepancies.' 

Whether  it  may  be  possible  to  establish,  among  the 
four  great  divisions  of  the  '  Animal  Kingclom,'  aome 
anato^es  of  a  higher  order  than  those  which  prevail 
within  each  division,  I  do  not  pretend  to  conjecture. 
If  this  can  be  done,  it  is  clear  that  it  must  be  by  oom- 
pariog  the  types  of  these  divisions  under  their  most 
genera)  forms:  and  thus  Cuvicr's  arrangement,  so  far 
as  it  is  itself  rightly  founded  on  the  unity  of  com- 
poeitioQ  of  each  branch,  is  the  surest  step  to  the 
discovery  of  a  unity  pervading  and  uniting  these 
branches.  But  though  those  who  generalize  surely, 
and  those  who  genenilbe  rapidly,  may  travel  in  the 
same  direction,  they  soon  separate  so  widely,  that  they 
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appear  to  move  from  each  other.  The  partisans  of  ■ 
universal  '  unity  of  compositiou'  of  animals,  aociued 
Cuvier  of  boing  too  inert  in  following  the  progien  of 
phyeiological  and  zoological  ncienoe.  Borrowing  tlieir 
illuBtmtioD  from  the  political  parties  of  the  times,  they 
aasek'toi]  that  he  belonged  to  the  science  of  the  r«i* 
ance,  not  to  the  §ciencB  of  the  nwvement.  Such  • 
chaise  wau  highly  honourable  to  him ;  for  no  oat 
acquainted  with  the  hialory  of  zoology  can  doubt  that 
be  had  a  great  share  in  the  impulse  by  which  the 
'movement' was  oc(»sioned;  or  that  be  himself  mwlti 
a  large  advance  with  it;  and  it  was  because  he  watH 
poised  by  the  vast  mass  of  his  knowledge,  so  tempenU 
in  his  love  of  doubtful  generalizations,  that  he  was  not 
swept  on  in  the  wilder  part  of  the  stream.  To  sach  t 
charge,  moderate  reformers,  who  appreciate  the  valat 
of  the  good  which  exists,  though  they  try  to  make  it 
better,  and  who  know  the  knowleiige,  thoughtAtlnea, 
and  cantion,  which  are  needful  in  such  a  task,  IW 
naturally  exposed.  For  us,  who  can  only  decide  on 
such  a  subject  by  the  general  analogies  of  the  hiito; 
of  science,  it  may  suffice  to  say,  that  it  appears  donhl- 
ful  whether  the  fundamental  conceptions  of  affisit;, 
ana1<:^,  tranution,  and  developement,  Iiave  yet  heen 
fixed  in  the  minds  of  physjoiogiats  with  sufficient  firm, 
ness  and  clearness,  or  unfolded  with  sufficient  oon- 
siettincy  and  generality,  to  make  it  likely  that  uij 
great  additional  step  of  this  kind  can  for  some  time  be 

We  have  here  considered  the  doctrine  of  the  identity 
of  the  seemingly  various  types  of  animal  structure^  u 
an  attempt  to  extend  the  correspondencies  which  were 
the  basis  of  Cuvier's  division  of  the  animal  'kingdoat. 
But  this  doctrine  has  been  put  forward  in  anothei 
point  of  view,  as  the  antithesis  to  the  doctrine  of  fin«l 
causes.  This  question  is  so  important  a  one,  that  we 
cannot  help  attempting  to  give  some  view  of  iU  state 
and  bearings. 


CHAPTER  vrn. 
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iSect  I. — Aasertitm  of  iJia  PrindpU  of  Umly  of  Plan. 

TTTE  tiave  repeatedly  seen,  in  the  coarse  of  our  hts- 
»¥  toriod  view  of  Physiology,  that  those  who  have 
stadied  the  stmctiire  of  animals  and  plauts,  have  bad 
a  conviction  forced  upon  them,  that  the  organs  are 
constructed  and  combined  in  subservience  to  the  life 
and  functions  of  the  whole.  The  [arts  have  a  purpose, 
as  well  as  a  law; — we  can  trace  Final  Causes,  as  well  as 
Laws  of  Causation.  This  prindple  ia  pecoltar  to  phy* 
nology ;  and  it  might  naturally  be  expected  that,  in 
the  progress  of  the  science,  it  would  come  under  special 
consideration.  This  accordingly  has  hap[>ened;  and 
the  principle  has  been  drawn  into  a  prominent  position 
by  the  etntggle  of  two  antagonist  schools  of  physio- 
logists. On  the  one  hand,  it  has  been  maintained  that 
this  doctrine  of  final  causes  is  altogether  unphilosopbi' 
cal.  and  requires  to  be  replaced  by  a  more  comprehtn- 
siTQ  and  profound  principle :  on  the  other  hand,  it  is 
asserted  that  the  doctrine  is  not  only  true,  but  that,  in 
our  own  time,  it  has  been  tixed  and  developed  so  as  to 
become  the  instrument  of  some  of  the  most  important 
discoveries  which  have  been  made.  Of  the  viewi  of 
these  two  schools  we  must  endeavour  to  give  some 
account 

The  disciples  of  the  former  of  the  two  schools  ex- 
press their  tenets  by  the  phrases  vnity  of  plaii,  unity 
of  amipogition ;  and  the  more  detailed  develcqiement  of 
these  doctrines  has  beem  termed  the  Theory  of  Ana- 
logia,  by  GeofFroy  Saint- HlLure,  who  cl^ms  this  theory 
as  his  own  creation.  According  to  this  theory,  the 
structure  and  functions  of  animals  are  to  be  studied  by 
the  guiilnuce  of  their  analogy  only ;  our  attention  is  to 
be  turned,  not  to  the  £tuess  of  the  orgaid3Kt.\oii  bn  «a| 
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end  of  life  or  actina,  but  to  its  KsemblaDce  to  otha* 
organizationH  bj  which  it  is  gradually  derired  &■■ 
ihe  otigina.!  type. 

Aowrding  to  the  rival  view  of  thia  subject,  we  mn* 
not  assume,  and  cannot  eatabiiah,  tliat  the  plan  of  all 
animals  is  the  same,  or  their  composition  similar.  Tti« 
existence  of  a  single  and  univeraal  Hjetem  of  analogin 
in  the  construction  of  all  animals  is  entirely  unprored, 
and  therefore  cannot  he  made  our  guide  in  the  stodj 
of  their  properties.  On  the  other  hand,  the  plan  a 
the  animal,  the  purpose  of  its  organismtion  in  the 
support  of  its  life,  the  ueoessitj  of  the  functions  (o  iti 
existence,  are  truths  which  are  irreaiatibly  afipuent, 
and  which  may  therefore  be  safely  taken  as  the  bsKa 
of  our  reationinga.  Thia  view  has  been  put  forwanl 
as  the  doctrine  of  the  cojuHtiona  of  exiatencf:  it  ms; 
also  be  described  as  the  principle  of  a  purpeit  in 
organization;  the  structure  being  ooiwidered  as  haTiug 
the  function  for  its  end.  We  must  say  a  few  words  on 
each  of  these  views. 

It  had  been  pointed  out  by  Cuvier,  as  we  have  seen 
in  the  hkst  chapter,  that  the  animal  kingdom  may  b« 
divided  into  four  great  branches;  in  each  of  whicb 
the  plan  of  the  animal  is  diifereut,  namely,  vrrt«frrata, 
articvlata,  nuiU'asca,  radiala.  Now  the  queptioa  natn- 
raJly  occurs,  is  there  really  no  resemblance  of  constnio- 
tion  in  these  different  classesl  It  was  maintained  bf 
some,  that  there  ia  such  a  resemblance.  Tn  1810,' 
ii.  Audouin,  a  young  naturalist  of  Paris,  endeavoured 
to  fill  up  the  chasm  which  sejiarates  insects  from  other 
animals;  and  by  examining  carefully  the  portions  whiiA 
compose  the  solid  frame-work  of  insects,  and  following 
them  through  their  various  tiuusformations  in  different 
classes,  he  conceived  that  he  found  relations  of  position 
and  function,  and  often  of  number  and  form,  which 
might  bo  comjmred  with  the  relations  of  the  parts  of 
the  skeleton  iu  vertebrate  animals.  He  thought  that 
the  fiitit  segment  of  an  insect,  the  bead,^  represents  one 
of  the  three  vertebra  which,  according  to  Spix  and 
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others,  compose  the  vertebrate  bead :  the  Becoud  seg- 
ment of  the  insecta,  (the  prothorax  of  Audouiii,)  is, 
accordiDg  to  M.  Goofiroy,  the  second  vertebra  of  the 
head  of  the  rertehrata,  and  so  on.  Upon  this  specn- 
latioQ  Cuvier^  does  not  give  any  decided  opiaion; 
obaerving  only,  that  even  if  false,  it  leads  to  aotiTe 
thought  and  useful  research. 

But  when  a:i  attempt  was  further  made  to  identify 
the  plan  of  another  bmuch  of  the  animal  world,  the 
moUusco,  with  that  of  the  vertebrata,  the  radic&l  oppo< 
poaitioti  Wtween  such  \dewa  and  those  of  Cuvier,  broke 
out  into  an  animated  controversy. 

Two  French  anatomists,  MM,  Laurencet  and  Mey- 
ranx,  presented  to  the  Academy  of  Sciences,  in  1830, 
a  Memoir  conttuning  their  views  on  the  organization 
of  molluscous  animida;  and  on  the  sepia  or  cuttle-fish 
in  particular,  as  one  of  the  most  com])lete  examples  of 
such  animals.  These  creatures,  indeed,  though  thus 
placed  in  the  same  division  with  ahell-fish  of  the  most 
defective  organization  and  obscure  structure,  are  far 
from  being  scantily  organized.  They  have  a  brain,* 
often  eyes,  and  these,  in  the  animals  of  this  claas, 
(cepliaiopoda)  are  more  complicated  than  in  any  verte- 
brates;^ they  have  sometimes  ears,  salivary  glands, 
multiple  stomachs,  a  considerable  Uver,  a  bile,  a  com- 
plete double  circulation,  provided  with  auricles  and 
ventricles;  in  short,  their  vital  activity  ia  vigorous, 
and  their  senses  are  distinct. 

But  still,  though  this  organization,  in  the  abundance 
and  diversity  of  its  parts,  approaches  that  of  vertebrate 
animals,  it  had  not  been  considered  as  composed  in  the 
same  manner,  or  arranged  in  the  same  order.  Cuvier 
had  always  maintained  that  the  plan  of  molluscs  ia  not 
&  continuation  of  the  plan  of  vertebrates. 
^  UM.  Laurencet  and  Meyranx,  on  the  contrary,  oon- 
H^gived  that  the  sepia  might  be  reduced  to  the  type  of 
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a  vertebrate  creature,  by  conaidertng  the  baok-bone  of 
the  latter  bent  dnuble  backwards,  bo  as  to  bring  the 
root  of  the  tail  to  the  nape  of  the  neck ;  the  parte  thm 
brought  into  contact  being  supposed  to  coalesce.  B^ 
this  mode  of  conception,  those  anatomists  held  that^ 
viscera  were  placed  in  the  same  connexion  as  in  tkt 
vertebrate  tyjw,  and  the  functions  exercised  in  a 
analogous  manner. 

To  decide  on  the  reality  of  the  analogy  thus  asserted 
clearly  belonged  to  the  jurisdiction  of  the  most  eminent 
anatomists  and  physiologists.  The  Memoir  was  com' 
mitted  to  Geoffroy  Saint-Hilaire  and  Latreille^  tws 
eminent  zoologists,  in  order  to  be  reported  on.  Their 
report  was  extremely  favourable;  and  went  almost  t« 
the  length  of  adopting  the  views  of  the  authors. 

Cnvier  expressed  some  disaatisfcction  ^ith  this 
report  on  its  being  read  i*  and  a  short  time  afterwardjj,' 
represented  Gieoffroy  Saint-HUaire  as  having  aaserted 
that  the  new  views  of  Laurencet  and  Meyraux  refuted 
completely  the  notion  of  the  great  interval  which  exist* 
between  molluscous  and  vertebrate  animals.  Geoffroy 
protested  against  such  an  interpretation  of  his  expres- 
sions; but  it  soon  appeared,  by  the  controversial  cha- 
racter which  the  discussions  on  this  and  several  other 
subjects  assumed,  that  a  real  op])osition  of  opinions  wtu 
in  action. 

Without  attempting  to  explain  the  exact  views  ol 
Geoffroy,  {we  may,  jwrhaps,  venture  to  say  that  they 
are  hardly  yet  generally  understood  with  sufficient  dis- 
tinctness to  justify  the  mere  historian  of  science  in 
attempting  such  an  explanation,)  their  general  tendency 
may  be  sufficiently  collected  from  what  has  been  said; 
and  from  the  phrases  in  which  his  views  are  conveyed.' 
The  principle  of  connexiont,  l/ie  etecliee  nffimtua  oj 
crqanic  tlementa,  the  equilibrization  of  orgaiti; — auch 
aio  the  designations  of  the  leading  doctrines  which  are 
unfolded  in  the  preliminary  discourse  of  his  A  natmnieaS 
PhiUaophy.     Elective  afiiuities  of  organic  elemeuta  are 
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EKe  forces  by  which  the  vital  stractures  and  varied 
forms  of  living  thiugx  are  produced;  and  the  principles 
of  connexioii  and  equilibrium  of  these  forces  in  the 
various  parta  of  the  organization,  prescribe  limits  and 
conditions  to  the  variety  and  developenient  of  such 

The  cliaracter  and  tendency  of  thLs  philosophy  *ill 
be,  I  thiuk,  much  more  clear,  if  we  consider  what  it 
excludes  and  denies.  It  rejects  alt^^ether  all  concep- 
tion of  a  plan  and  purpose  in  the  organs  of  animals,  as 
a  principle  which  has  determined  their  forms,  or  can 
be  of  use  in  directing  onr  reasonings.  '  I  take  care,' 
Kays  Geofiroy,  'not  to  ascribe  to  God  any  intention.'* 
And  when  Cuvier  speaks  of  the  combination  of  organs 
in  aach  order  that  they  may  be  in  consistence  with  the 
part  which  the  animal  hag  lo play  in  nature;  hia  rival 
rejoinH,^''  I  '  know  nothing  of  animals  which  Autre  lo 
jiaij  a  part  in  nature.'  Such  a  notion  is,  he  holds, 
nnphitosopliical  and  dangerous.  It  is  an  abuse  of  final 
causes  which  makes  the  cause  to  be  engendered  by  the 
effect  And  to  illustrate  still  further  his  own  view,  he 
says,  '  I  have  read  concerning  fishes,  that  because  they 
live  in  a  medium  which  resists  more  than  air,  their 
motive  forces  are  calculated  so  as  to  give  them  the 
power  of  progrewioQ  under  those  circumstances.  By 
this  mode  of  reasoning,  you  would  say  of  a  mau  who 
makes  ikse  of  crutches,  that  he  was  originally  destined  to 
the  misfortune  of  having  a  leg  paralysed  or  amputated. 

How  far  tbb  doctrine  of  unity  in  the  plan  in  animahi 
is  admissible  or  probable  in  physiology  when  kept  within 
proper  limits,  that  b,  when  not  put  in  oppoMtion  to  the 
doctrine  of  a  purpose  involved  in  the  plan  of  animals, 
I  do  not  pretend  even  to  conjecture.  The  question  is 
oue  which  appears  to  be  at  present  deeply  occupying 
the  minds  of  the  most  learned  and  profound  phyao- 
logists;  and  such  persons  alone,  adding  to  their  know- 
ledge and  zeal.  Judicial  sagacity  and  impartiality,  can 
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,  is  the  general  tendency  of  the  best  re- 
this  siiVject^'  But  when  the  auKtomia 
expresses  such  opinions,  find  defends  them  by  mc& 
illustrations  aa  those  which  I  have  just  quoted,"  tre 
perceive  that  he  quits  the  entrenchments  of  h\a  superioi' 
science,  in  which  he  might  have  remained  unaeaaikblt 
so  long  as  the  question  was  a  profeasional  one ;  and  Iho 
discussion  is  open  to  those  who  possess  no  peculiar 
knowledge  of  anatomy.  We  shall,  therefore,  Teuton 
to  say  a  few  words  upon  iL 

Sect.  2.— Egthnate  of  tlie  Doctrine  of  Unity  of  Plan. 

It  has  been  so  often  repeated,  and  so  generally  allowed 
in  modem  times,  that  Final  Causes  ought  not  to  be  made 
our  guides  in  natural  philosophy,  that  a  prejudice  bu 
been  established  against  the  introduction  of  any  riewi 
to  which  this  designation  oan  he  applied,  into  phyaicil 
speculations.  Yet,  in  fact,  the  assumption  of  an  -end 
or'  purpose  in  the  structure  of  organized  beings,  apjiean 
to  be  an  intetlectual  habit  which  no  ufiorts  can  cast  off 
It  has  prevailed  from  the  earliest  to  the  latest  ages  of 
zoological  research;  appears  to  be  fastened  upon  w 
alike  by  our  ignorance  and  our  knowledge;  and  has 
been  formally  accepted  by  so  many  great  aiiatomisti, 
that  we  cannot  feel  any  scruple  in  believing  the  rejeo- 
tion  of  it  to  be  the  superstition  of  a  false  philosophy, 
and  a  result  of  the  exaggeration  of  other  principles 
which  are  supposed  capable  of  sujierseding  its  use.  And 
the  doctrine  of  unity  of  plan  of  all  animals,  and  the 
other  principles  associated  with  this  doctrine,  so  far  as 
they  exclude  the  conviction  of  an  intelligible  flcheme 
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a  diaoovenible  end,  in  the  organization  of  animals, 
appear  to  be  utterly  erroueoiia.  I.  will  offer  a  few 
reasons  for  an  opiaioa  which  may  appear  presumptuous 
in  ft  writer  who  haa  oa\y  a  general  knowledge  of  the 

t.  In  the  first  place,  it  appears  to  me  that  the  argu- 
mentation on  the  case  in  question,  the  Septa,  does  bj 
no  means  turn  out  to  the  advantage  of  the  new  hypo- 
thesis. The  arguments  in  support  of  the  hypothetical 
view  of  the  structure  of  this  mollusc  were,  that  by  this 
view  the  relative  position  of  the  parts  was  explained, 
&nd  confirmations  which  had  appeared  altogether  ano- 
malous, were  reduced  to  rule;  for  example,  tlie  beak, 
which  had  been  supposed  to  be  in  a  position  the  reverse 
of  all  other  beaks,  waa  shown,  by  the  assumed  posture, 
to  have  ita  upper  mandible  longer  than  the  lower,  and 
thus  to  be  regularly  pla<^ed,  '  But,'  says  Cuvier,"  '  sup-  - 
posing  the  posture,  in  order  that  the  aide  on  which  the 
funnel  of  the  sepia  is  folded  should  be  the  back  of  the 
animal,  considered  as  similar  to  a  vertebrate,  the  brain 
with  regard  to  the  beak,  and  the  (esophagus  with  regard 
to  the  liver,  should  have  positions  corresponding  to 
thoae  in  vertebrates;  but  the  positions  of  these  organs 
are  exactly  contrary  to  the  hypothesis.  How,  then, 
can  you  say,"  he  asks, '  that  the  cephalopoda  and  verte- 
brates have  itkntity  of  compodHon,  unity  0/ compoaUion, 
without  using  words  in  a  sense  entirely  different  from 
their  common  meaningr 

This  argument  appears  to  be  exactly  of  the  kind  on 
which  the  value  of  the  hypothesis  must  depend.^'      It 
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is,  therefore,  interesting  to  see  the  reply  made  to  it  b; 
tlie  theorist.  It  is  this :  '  I  admit  the  fiictd  here  stated, 
bat  I  denj  that  they  lead  to  the  notion  of  a  diflenni 
sort  of  animal  composition.  Molluscous  aDiina.ls  had 
been  placed  too  high  in  tlie  Mological  swale  j  but  if  tbaj 
are  only  the  embryos  of  its  lower  stages,  if  the;  iR 
only  beings  in  which  &r  fewer  organs  come  into  pl<f, 
it  does  not  follow  that  the  organs  are  destitute  of  the 
relations  which  the  power  of  succeHsive  generatioiia 
may  demand.  The  organ  A  will  be  in  an  unuaual  roli- 
tion  with  the  organ  C,  if  B  has  not  been  produced;— 
if  a  stoppage  of  the  developement  lias  fklleu  upon  tliif 
latter  organ,  and  has  thus  prevented  its  produotiaiL 
And  thus,'  he  saya,  '  we  see  how  we  may  have  different 
arrangemeuts,  and  divers  constructions  as  they  appear 
to  the  eye.* 

It  seems  to  me  that  such  a  coucension  as  this  entirelj 
destroys  the  theory  which  it  att«mptB  to  defend;  iar 
■what  arrangement  does  the  principle  of  unity  of  com- 
position  exclude,  if  it  adnuts  unusual,  that  is,  varioiu 
arrangements  of  some  organs,  accomjiaoied  by  the 
total  absence  ef  others  1  Or  how  does  this  differ  fima 
Cuvier's  mode  of  stating  the  conclusion,  except  in  tlis 
introduction  of  certain  arbitrary  hypotheses  of  deve- 
lopement and  stoppage  1  '  I  reduce  the  fiicts,'  Cuvier 
says,  '  to  their  true  CKpressiou,  by  saying  that  oephi- 
lopods  have  several  organs  which  are  common  to  them 
and  vertebrates,  and  which  discharge  the  same  offioeti 
but  that  these  organs  are  in  them  differently  diitn- 
buted,  and  often  constructed  in  a  different  maaMt; 
and  they  are  accompanied  by  several  other  otgaiK 
which  vertebrates  have  not;  while  these  on  the  c^er 
hand  have  several  which  are  wanting  in  cephalopodi.' 

We  shall  see  afterwards  the  general  principles  whid 
Cuvier  himself  considered  as  the  best  guides  in  thw 
reasonings.  But  I  will  first  add  a  few  words  on  the 
disposition  of  the  school  now  under  consideration,  to 
reject  all  assumption  of  an  end. 

a.  That  the  ^larts  of  the  bodies  of  animals  are  madt 
in  oi-der  to  discliarge  their  respective  offices,  is  a  coo- 
Tiction  which  we  cannot  believe  to  be  otherwise  tluui 
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an  irremovable  principle  of  the  philosophy  of  organi^- 
tion,  wlien  we  tee  tiia  manner  in  which  it  has  con- 
stantly forced  itself  upon  the  minds  of  zoologists  and 
anatoniiets  in  all  ages;  not  only  as  an  inference,  but 
■0  a  guide  whoge  indications  they  could  not  help 
following.  I  have  tdready  noticed  expresnious  of  this 
oofavlction  in  some  of  the  priucipal  persons  who  occur 
in  the  history  of  physiology,  an  Galen  itnd  Harvey.  I 
might  add  many  more,  but  I  will  content  myself  with 
adducing  a  coiitecnporary  of  Genffroy'a,  whose  testi- 
mony is  the  more  remarkable,  because  he  obviously 
shares  with  his  countryman  in  the  common  prejudice 
against  the  use  of  tinal  causes.  '  I  consider,'  he  says, 
in  speaking  of  the  provisions  for  the  reproduction  of 
animaU,'^  *  with  the  great  Bacon,  the  philosophy  of 
final  causes  as  sterile;  but  I  have  elsewhere  acknow- 
leilgcd  that  it  waa  very  difficidt  for  the  most  catitious 
man  never  to  have  recourse  to  them  in  his  ex[)Iana- 
tions.'  After  the  survey  which  we  have  had  to  take 
of  the  hLttory  of  jihywology,  we  cannot  but  see  that 
the  assumption  of  tinal  cauHes  in  this  branch  of  science 
is  so  f&r  from  being  sterile,  that  it  has  had  a  large 
share  in  every  discovery  which  is  included  in  the 
existing  mass  of  real  knowledge.  The  use  of  every 
organ  lias  been  discovered  by  starting  from  the  assump- 
tion that  it  must  have  some  use.  The  doctiino  of  the 
circulation  of  the  blood  waa,  as  we  have  seen,  clearly 
and  professedly  due  to  the  persuasion  of  a  purpose  in 
the  circulatory  apparstus.  The  stndy  of  comparative 
anatomy  is  the  utudy  of  the  adaption  of  animal  struc- 
tures to  their  purjioBes.  And  we  shall  soon  have  to 
show  that  tills  conception  of  final  causes  has,  in  our 
own  times,  been  so  far  from  barren,  that  it  has,  in  the 
hands  of  (Juvier  and  othera,  enabled  us  to  become 
intimately  acquainted  with  vast  departments  of  zoology 
to  which  we  have  no  other  mode  of  accefs.  It  hiis 
placed  before  us  in  a  complete  state,  animals,  of  which, 
for  thousands  of  years,  only  a  few  fragments  have 
existed,  and   which   differ   widely  from   all  existinj^ 
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Is;  iknd  it  has  given  birth,  or  at  least  luu  giv«B 
the  greatest  part  of  its  importance  nnd  interest,  to  ■ 
science  which  forma  oiie  of  the  brightest  parts  of  (be 
modem  progress  of  knowledge.  It  is,  therefore,  Ttfj 
far  from  buing  &  vague  uiid  empty  asseilion,  wbeov* 
gay  that  tioal  caiiaea  are  a  real  and  indestmetiblt 
elemPDt  in  zoological  pliUosophy;  and  that  the  eido- 
aion  of  thorn,  aa  attempted  by  the  school  of  whitb 
we   speak,  is  a  fundameDtal   and   moat  mischievms 

3.  TliuH,  though  the  physiologist  may  persuade  hint 
self  that  he  ought  not  to  refer  to  final  causes,  ire  find 
that,  practically,  he  cannot  help  doing  this;  and  tbd 
the  event  Rhows  that  bis  practical  habit  is  right  ud 
well -foil  uded.  But  he  may  still  cling  to  the  speculi- 
tive  ditBculties  and  doubts  in  which  such  siibjeoto  mj 
be  involved  by  d  priori  considerations.  He  may  mj, 
as  Saint-Hilaire  does  say.'"  '  I  ascribe  do  intentioa  to 
God,  for  I  miBtniBt  the  feeble  powers  of  my  reason.  I 
observe  facts  merely,  and  go  do  further.  1  only[n- 
tend  to  the  charouter  of  the  historian  of  what  ui'  'I 
cannot  make  Nature  an  intelligent  being  who  den 
nothing  in  vain,  who  acta  by  the  shortest  mod^  wk» 
does  ail  for  the  beat.' 

I  am  not  going  to  enter  at  any  length  into  iUf 
subject,  which,  thus  considered,  is  metaphysical  ud 
theological,  mther  than  physiological.  If  any  DM' 
maintain,  as  some  have  maintained,  that  no  manifesta- 
tion of  means  apparently  used  for  ends  in  nature,  out 
prove  the  existence  of  design  in  the  Author  of  uatnre, 
this  is  not  the  place  to  retnte  such  an  opinion  in  it* 
general  form.  Btit  I  think  it  may  be  worth  while  to 
show,  that  even  those  who  incline  to  such  &n  opinion, 
still  cannot  resist  the  neoessity  which  compels  men  U> 
assume,  in  organized  beings,  the  existence  of  an  end. 

Among  the  philosophers  who  have  referred  onr 
conviction  of  the  being  of  God  to  our  moral  natnre, 
3  possibility  of  demonstratiou  m 
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eminent.  Yet  he  has  asserted  the  reality  of  svioh  a 
principle  of  physiology  as  we  are  now  Diaintaiotug  in 
the  most  emphatic  manner.  Indeed,  this  nssum|ition 
of  an  end  makes  his  very  delinition  of  an  organized 
betn;;;.  '  An  organized  proiluct  of  nuture  is  that  in 
which  all  the  parts  are  mutually  euds  and  means.'" 
And  this,  he  says,  is  a  universal  and  necessary  maxim. 
He  odds,  '  It  is  well  known  that  the  anatoniizera  of 
plants  and  animals,  in  order  to  investigate  their 
structure,  and  to  obtain  an  insight  into  the  grounds 
why  and  to  what  end  such  parta,  why  such  a  tiituabion 
and  connexion  of  the  piirta,  and  exactly  such  an  internal 
form,  come  before  them,  assume,  as  indispensably 
Deccssaiy,  this  maxim,  that  in  such  a  creature  nothing 
is  in  vain,  and  proceed  upon  it  in  the  same  way  in 
which  in  general  natural  philosophy  we  proceed  upon 
the  principle  that  iiotJiing  happene  by  chance.  In  fact, 
they  can  as  little  free  themselves  from  this  teUalogieai 
principle  as  Irom  the  general  physical  one;  fur  as,  on 
omitting  the  latter,  no  experience  would  be  postibla, 
BO  on  omitting  the  former  principle,  no  clue  could 
exist  for  the  observation  of  a  kind  of  natural  ohjeatg 
which  can  be  considered  teleologically  under  the  con< 
oeption  of  natural  ends.' 

Even  if  the  reader  should  not  fullow  the  reasoning 
of  tluB  celebrated  philosopher,  he  will  still  have  no 
difficulty  in  seeing  that  he  asserts,  in  the  most  distinct 
manner,  that  which  is  denied  by  the  author  whom  we 
have  before  quoted,  the  propriety  and  necessity  of 
assuming  the  existence  of  an  end  as  our  guide  In  the 
study  of  animal  organization. 

4.  It  ap)ieai8  to  me,  therefore,  that  whether  we 
judge  from  the  arguments,  the  results,  the  practice  of 
phyaiologistu,  their  speculative  opinions,  or  those  of 
the  philosophers  of  a  wider  field,  we  are  led  to  the 
same  conviction,  that  in  the  organized  world  we  mny 
and  must  adopt  the  belief,  that  organization  exinta  for 
its  purpose,  and  that  the  apjicehenBion  of  the  purpose 
may  guide  us  in  seeing  the  meaning  nf  the  orguuizii- 
"  UrIllciUtTtift,  p.  1 M. 
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tion.  And  I  now  proceed  to  show  how  tliia  principl 
has  been  brought  into  additiou&l  cletime?s  and  use  L' 
Ouvier. 

In  doing  this,  I  may,  perhaps,  be  allowed  to  nukei 
reflection  of  a  tind  somewhat  different  from  the  pw 
ceding  remarks,  though  suggested  bj  them.  In  anotlu 
work,'*  I  endeavoured  to  show  that  those  who  hiT 
been  diwovererx  in  science  have  geoerally  had  nuDdi 
the  dJKposition  of  which  was  to  believe  in  an  intelligu 
Maker  of  the  universe;  and  that  the  acienlific  speoili 
tions  which  produced  an  opposite  tendency,  wera  gew 
rally  those  which,  though  they  might  deal  famlliari 
with  known  physical  truths,  and  conjecture  boldlywil 
Kgard  to  the  unknown,  did  not  add  to  the  nuniber< 
solid  generalisations.  In  or<ler  to  judge  whether  th 
remark  is  distinctly  applicable  in  the  case  now  ecu 
aidered,  I  should  have  to  estimate  Cuvier  in  dob 
parison  with  other  phyaiologiata  of  his  time,  which 
do  not  presume  to  do.  Sut  I  may  observe,  that  he  • 
allowed  by  all  to  have  established,  on  an  indeatructibl 
basis,  many  of  the  most  irajiortant  general iiatiot 
which  zoology  now  contains;  and  the  priiiciptU  ddix 
which  his  critics  have  pointed  ont,  has  been,  that  ]| 
did  not  generalize  still  more  widely  and  boldly.  1 
appears,  therefore,  that  he  cannot  but  be  placed  amon 
the  great  discoverers  in  the  studies  which  he  punued 
and  this  being  the  case,  those  who  look  with  plearai 
on  the  tendency  of  the  thoughts  of  the  grettt«6t  me 
to  an  Intelligence  far  higher  than  their  own,  must  b 
gratified  to  find  that  he  was  an  example  of  this  ten 
dency ;  and  that  the  acknowledgement  of  a  creatir 
purpose,  an  well  as  a  creative  power,  not  only  entero 
into  his  belief,  but  made  an  indispensable  and  promi 
nent  part  of  his  philosophy. 
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S«ct.  3. — EOtMtskmenl  and  Application  of  the  Pi-in- 
eipU  of  Che  CondiCwnt  of  ExieUnee  of  A  iiiinah. — 

"We  have  now  to  describe  more  in  detail  the  dootiino 
■which  Cuvier  maintained  in  ojiposition  to  such  opinions 
as  we  have  been  speaking  of;  luid  wbicii,  in  his  way  of 
Applying  it,  we  look  upon  as  a  material  advance  in 
physiological  knowledge,  and  therefore  give  to  it  a 
distinct  place  in  our  history.  '  Zoology  has,'  he  saya," 
in  the  outset  of  his  Jteg-ne  Animal,  '  e.  principle  of 
reasoning  which  is  jwculiar  to  it,  and  which  it  employs 
with  advantage  on  many  occasions :  this  is  the  principle 
of  the  Conditions  o/'£3;iJ(<«7«e,  vulgarly  called  the  prin- 
ciple of  Final  Causes,  As  nothing  can  exist  if  it  do  not 
combine  all  the  conditions  which  render  its  existence 
possible,  the  different  parts  of  each  being  murt  be  co- 
ordinated in  such  a  miuiner  as  to  render  the  total 
being  possible,  not  only  in  itself  but  in  its  relations  to 
those  which  surround  itj  and  the  analysis  of  these 
conditions  often  leads  to  general  laws,  as  clearly  de- 
monstrated as  those  which  result  fi'om  calculation  or 
from  esperience.' 

This  is  the  enunciation  of  his  leading  principle  in 
general  terms.  To  our  ascribing  it  to  him,  some  may 
object,  on  the  ground  of  its  being  self-evident  in  iCa 
nature,"  and  having  been  very  anciently  applied. 
But  to  this  we  reply,  that  the  principle  must  be  con- 
ndered  as  a  real  discovery,  in  the  hands  of  him  who 
fint  shows  bow  to  moke  it  an  instrument  of  other 
discoveries.  It  is  true,  in  other  cases  as  well  as  in 
this,  that  some  vague  apprehension  of  true  general 
principles,  such  as  d  priori  considerations  can  supply, 
has  long  preceded  the  knowledge  of  them  as  real  and 
verified  laws.  In  such  a  way  it  was  seen,  before 
NewtoD,  that  the  motions  of  the  planets  must  result 
from  attraction;  and  so,  before  Dufayand  Franklin,  it 
was  held  that  electrical  actions  must  result  from  a 
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fluid.  Cuvier's  merit  consisted,  not  in  seeing  thatu 
animal  cannot  exist  without  comltinitig  all  tli«  ctsub- 
tions  of  its  existence;  but  in  perceiving  tliat  this  trail 
may  be  tftken  as  a  guide  in  our  resettrches  concenuie 
animals ; — that  the  mode  of  their  existence  may  be 
collected  &om  one  purt  of  thrir  structure,  and  t^ 
applied  to  interpret  or  detect  another  part  & 
went  on  the  Huppoiiition  not  only  that  anunal  bnt 
have  some  plan,  some  puri>08e,  but  that  they  haieu 
intelligible  plan,  a  discoverable  purpose.  He  pro- 
ceeded in  his  investigations  like  the  decipherer  of  i 
manuscript,  who  roukea  out  his  alphabet  from  ou 
part  of  the  context,  and  then  applies  it  to  veui  \i» 
rest  The  proof  that  his  principle  was  aomething  ntf 
different  from  an  identical  propositioa,  is  to  be  fani 
in  the  fact,  that  it  enabled  him  to  understoBd  ni 
arrange  the  structures  of  animals  with  nnpreoedented 
clearness  and  completeness  of  order;  and  to  restote 
tito  forma  of  the  extinct  animals  which  arc  fouud  in 
the  rocks  of  the  earth,  in  a  manner  which  haa  b«N 
universally  assented  to  as  irresisttibly  couvisdi^ 
These  results  cannot  flow  from  a  trifling  or  baiKi 
principle ;  and  they  show  ua  that  if  we  are  di^xned  U 
form  such  a  judgment  of  Cuvier's  doctrine,  it  mtulbe 
because  we  do  not  fiiUy  apprehend  its  import 

To  iUusti-ato  this,  we  need  only  quote  the  statement 
which  he  makes,  and  the  uses  to  which  he  ajqilita  it 
Thus  in  the  Introdnction  to  hia  great  work  on  /'ohS 
Remaim,  he  saya,  '  Every  organized  being  fbnns  u 
entire  system  of  ita  own,  all  the  parts  of  which  mutoallj 
correspond,  and  concur  to  produce  a  certain  deflaito 
purpose  by  reciprocal  reaction,  or  by  combiaii^  to 
the  same  end.  Hence  none  of  these  separate  portstu 
change  their  forms,  without  a  corresponding  change  in 
the  other  parts  of  the  same  animal ;  and  consequent^ 
each  of  these  parts,  taken  separately,  indicates  all  tlu 
other  parts  to  which  it  has  belonged.  Thus,  if  ^ 
viscera  of  an  animal  are  so  organized  as  only  to  bt 
fitted  for  the  digestion  of  recent  flesh,  it  is  also  reqnh 
aite  that  the  jaws  should  be  so  constructed  as  to  Gl 
them  for  devouring  pray ;  the  claws   must    ^  (jp- 
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Biracted  for  eemiig  aoJ  teariag  it  in  piecea;  the  teetli 
^r  cutting  and  dividing  ita  flesh ;  the  eiitire  Bjateni  of 
the  limbe  or  organs  of  motioii  for  jiiirBuing  and  over- 
takiug  it  J  and  the  organs  of  sense  for  discovering  it  at 
a  distance.  Nature  must  also  have  endowed  the  brain 
of  the  animal  with  instincts  sufficient  for  concealing 
itee\t,  and  for  laying  plans  to  catch  its  necessary 
Tictims.'-'  By  sacli  considerations  he  has  buen  alile 
to  reconstruct  the  whole  of  many  animals  of  which 
parts  only  were  given ; — a  positive  result,  wliicli  shows 
both  the  reality  and  the  value  of  the  truth  on  which 
he  wrought. 

Another  great  example,  equally  shomng  the  immense 
importance  of  this  principle  in  Cuvier's  hauil»,  is  the 
reform  which,  by  means  of  it,  he  introduced  into  the 
claaaiflcation  of  animala  Here  again  we  may  quote 
the  view  he  himself  has  giveu^'^  of  the  character  of  his 
own  improvements.  In  studying  the  phyBiology  of 
the  natural  classes  of  vertebrate  animals,  he  found,  he 
says,  '  in  the  respective  quantity  of  their  res])iration, 
the  reason  of  the  quantity  of  their  motion,  and  couso- 
quently  of  the  kind  of  locomotion.  This,  again, 
furnishes  tlie  reason  for  the  forms  of  their  skeletons 
and  muscles;  and  the  energy  of  their  senses,  and  the 
force  of  their  digestion,  are  in  a  neceteairy  pro[>ortion 
to  the  same  quantity.  Thus  a  division  which  had  till 
then  been  established,  like  that  of  vegetables,  only 
upon  observation,  waA  found  to  rest  upon  causes  appi'e- 
oable,  and  applicable  to  other  cases.'  Accordingly,  he 
aj^Ued  this  view  to  invertebrates; — examined  the 
moditications  which  take  place  in  their  organs  of 
circulation,  respiration,  and  sensation ;  and  having 
calculated  the  necessary  results  of  these  modifications, 
he  deduced  from  it  a  new  division  of  those  animals, 
in  which  they  Eire  arranged  according  to  their  true 
relations. 

Such  have  been  some  of  the  reaulta  of  the  principle 
of  the  Conditions  of  Existence,  as  applied  by  its  great 


»SW.S<).a«t.Lul. 


L 


HISTORY   OF  PHTSIOLOGT. 

It  is  clear,  indeed,    that   such    a   principle 
ncquir«  its  pracLieal  value  only  in  Uie  hanila  ol 
pwson  intimately  acquainteJ  with  anntomical  deli 
with  the  functiona  of  the  organs,  and  with  their  TiB 
in  different  animrds.     It  is  onlj  bj  means  of  M 
nutriment  that  the  embryo  truth  could  be  dev^^ 
into  a  vast  tree  of  science.     But  it  is  not  the  Ij 
olcar,  that  Cuvier'a  immense  knowledp^   and  £ 
powers  of  thought  led  to  their  results,  only  by  bi 
em]iloyed  under  the  ^idance  of  this  master-prind 
and,  therefore,  we  may  justly  consider  it  as  the  ■ 
tinctive  feature  of  his  speculatioiiH,  and  follow  it  «! 
a   gratified  eye,  as  the  thread   of  gold    which  nati 
through,  connects,   and  enriches    his    zoological  n-  ' 
searches; — gives  them  a  deeper  interest  and  a  higber 
value  than  can  belong  to  any  view  of  the  organic*! 
Mcienccs,  in  which  the  veiy  esaenoe  of  organisatioii  i) 
kept  out  of  sight. 

The  real  philosopher,  who  knows  that  all  the  Idndt 
of  truth  are  intimately  connected,  and  that  all  the  best 
hopes  and  encouragements  which  are  granted  to  our 
nature  must  be  con^tent  with  truth,  wilt  be  satisfied 
and  confirmed,  rather  than  surprized  and  disturbed, 
thus  to  find  the  Natural  Sciences  leading  him  to  the 
borders  of  a  higher  region.  To  him  it  will  appear 
uatui'al  and  reasonable,  that,  after  journeying  so  long 
among  the  beautiful  and  orderly  laws  by  which  the 
universe  is  governed, we  find  ourselves  at  last  approacb- 
ing  to  a  Source  of  order  and  law,  and  iut«ll«ctaal 
Iwauty : — that,  after  venturing  into  the  region  of  life 
and  feeling  and  will,  we  are  led  to  believe  the  Founlaio 
of  life  and  will,  not  to  be  itself  unintelligent  and  dead, 
but  to  be  a  living  Mind,  a  Power  which  aims  as  well 
as  acta.  To  us  this  doctrine  appears  like  the  oattinl 
cadence  of  the  tones  to  which  we  have  so  long  been 
listening;  and  without  such  a  final  strain  our  ean 
would  have  been  left  craving  and  unsatisfied.  We 
have  been  liu^ring  loug  amid  the  harmonies  of  la* 
and  symmetry,  constancy  and  developement;  and  tbeM 
notes,  though  their  music  was  sweet  and  deep,  miut 
too  often  have  sounded  to  the  ear  of  our  moral  natnn^ 
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AS  vague  aiid  -unmeaning  melodies,  floating  in  the  air 
srouad  ns.  but  convejing  no  definite  thought,  moulded 
into  no  intelligible  announcement.  But  one  poaaage 
which  we  have  again  and  again  canght  by  mabihes, 
though  eometimea  interrupted  and  lost,  at  Uiit  swells 
in  our  ears  full,  clear,  and  decided;  and  the  religious 
*  Hymn  in  honour  of  the  Creator,"  to  which  Galen  so 
Khtdlj  lent  his  voioe,  ai.d  in  which  the  btst  physio- 
logists of  Bucceeding  timea  have  ever  joined,  iit  filled 
into  a  richer  and  deeper  harmony  by  the  grcat«£t  phi- 
losophers of  thete  later  days,  and  will  roll  on  here&her 
the  '  [leqietual  song*  of  the  temple  of  scienoe. 
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K  qaibu  imperiuD  eat  tnim&rnm,  Unbneqne  mlmto, 

Et  Chaoa,  et  rhlegethon,  Ioc&  nocte  Bilectia  late, 
Sit  mihi  fan  audiU  lotini;  sit,  numiac  vestm 
Puidere  ret  s!ta  teiri  et  caligine  mcrBu. 

VlMIL.       .En.  t\    lU- 


Ta  Might;  Ones,  irho  ivraj  tlie  SddIb  tiist  go 
AmiH  the  marrelH  of  the  world  below  t 
Te,  silent  Bhades,  who  ait  and  hear  aronnd  t 
Chaos  !  and  Strc&ms  that  bunt  beaestli  the  gmoai 
All,  all  forgiTe,  if  bj  joor  coDTerse  stirred, 
Uj  lips  aluiU  otter  what  m;  ears  hsTe  hoard  ; 
If  I  shall  spe&k  of  things  of  doobtfol  birth, 
Deep  Hosk  in  darkness,  as  deep  Bunk  is  earth. 


Of  Ae  Faitetiologicat  Sciences. 


WE  DOW  approach  the  last  Class  of  Sciences  which 
eater  into  the  design  of  the  presoub  work;  aa<l 
of  these,  Geology  is  the  representative,  whose  history 
we  shall  therefore  briefly  follow.  By  the  ClasB  of 
Sciences  to  which  I  have  referred  it,  I  mean  to  point 
out  those  researches  in  which  the  object  is,  to  asceml 
irotn  the  present  state  of  things  to  a  more  ancient 
condition,  from  which  the  present  is  derived  by  in- 
telligible causes. 

The  sciences  which  treat  of  causes  have  Bometimos 
leen  termed  aslioloffieal,  from  mVi'a,  a  eaute:  but  thia 
term  would  not  sufficiently  describe  the  Hpeoulations 
of  which  we  now  speak ;  since  it  might  include  sciences 
whJuh  treat  of  Permanent  Causality,  like  Mechanics, 
as  well  as  inqniries  oonoemiug  Progressive  Causation. 
Tbo  investigations  which  I  now  wish  to  group  together, 
deal,  not  only  with  the  possible,  but  with  the  actual 
pa.<it;  and  a  portion  of  that  science  on  which  we  are 
about  to  enter,  Geology,  has  properly  been  termed 
Paiaonttiiog;/,  since  it  treats  of  beings  which  formerly 
existed.^  Hence,  combining  these  two  notions,'  I'lUce- 
tiiiioyy  appears  to  be  a  term  not  inappropriate,  to 
describe  those  speculations  which  thus  refer  to  actual 
past  events,  and  attempt  to  explain  them  by  laws  of 
causation. 

Such  speculations  are  not  confined  to  the  world  of 
inert  matter;  we  have  examples  of  them  in  inquiries 
concerning  the  monuments  of  the  art  and  labour  of 
distant  ages;  in  examinations  into  the  origin  and  early 
progress  of  states  and  cities,  customs,  and  languages ; 

'  YiiAat,  iyra,  '  IlaXiu,  (tUia.  , 
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SB  well  as  in  researcbea  concerning  the  causes  And  (or- 
mations  of  mountains  and  rocks,  the  imbedding  cf 
foBsila  in  strata,  and  tlieir  eleration  from  the  bottom 
of  the  ocean.  All  these  speculations  are  connected  hj 
fhia  bond, — that  they  endeavour  t«  aacend  to  a  faA 
state  of  thiDgs,  by  the  aid  of  the  evidence  of  tin 
preeent  In  asserting,  with  Cusier,  tliat  '  The  geolo- 
gist is  an  andquary  of  a  new  order,*  we  do  not  mark  1 
fonoiful  and  superficial  resemblance  of  employment 
merely,  but  a  real  and  pbilosopbical  connexion  of  th« 
principles  of  investigation.  The  organic  fossils  whki 
occur  in  the  rock,  and  the  medals  which  we  find  in  the 
ruins  of  ancient  cities,  are  to  be  studied  in  a  similir 
spirit  and  for  a  similar  purpose.  Indeed,  it  ia  not 
always  easy  to  know  where  the  task  of  tiie  geolcgiit 
ends,  and  that  of  the  antiquary  b«^na.  Tlie  study  of 
ancieot  geography  may  involve  us  in  the  exaoiinatiaD 
of  the  causes  by  which  the  forms  of  coasts  and  plain) 
is  changed;  the  ancient  mound  or  scarficd  rook  hut 
force  u]x>n  ua  the  probleni,  whether  its  form  is  tlic 
work  of  nature  or  of  man;  the  ruined  templ«  may 
exhibit  the  traces  of  time  in  its  changed  level,  and  sm- 
wom  columns;  and  thus  the  antiquarian  of  the  earth 
may  be  brought  into  the  very  middle  of  the  domain 
belonging  to  the  antiquarian  of  art. 

Such  a  union  of  these  difierent  kinds  of  atiche> 
logical  iuvestigations  has,  in  fact,  repeatedly  occurred. 
The  changes  which  httve  taken  place  in  the  temple  of 
Jupiter  Serapis,  near  PuzkuoH,  are  of  the  sort  which 
have  just  bceu  described;  nud  this  iaouly  one  example 
of  a  large  class  of  objects; — the  mouumenta  ot  irt 
oouvcrted  into  records  of  natural  events.  And  OQ  t 
wider  scale,  we  find  Cuvier,  in  his  inquiries  into  gvok»- 
gical  changes,  bringing  together  historical  and  pbyucal 
evidence.  Dr.  Prichard,  in  his  Seeearche*  ikM  |A< 
Phygietd  Iligtonj  of  Man,  baa  showu  that  to  execnU 
such  a  design  as  liia,  we  must  oombine  the  kaowlet^ 
of  the  physiological  laws  of  nature  with  the  traditiiini 
of  history  and  tiie  philosophictU  comi»ariaou  of  lan- 
guages. And  even  if  we  refuse  to  admit,  a«  pnof 
the  business  uf  geology,  inquiries  concerning  the  ori^n 
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and  physical  history  of  the  present  populatioD  of  the 
(jllobej  etill  the  geologist  ib  compelled  to  take  an 
interest  in  uucb  ioquiries,  in  order  to  understand 
matt^re  which  rigoroUHly  belong  to  hia  proper  domain ; 
for  the  ascerttuued  history  of  the  [ireseat  state  of 
things  offers  the  best  means  of  throwing  liglit  ujmii  the 
causes  of  ;mu(  changes.  Mr.Lyoll  quotes  Pr.  Prichard's 
l>ook  more  frequently  than  any  geological  work  of  tlie 
tame  extent. 

Again,  we  may  notice  another  common  circumstance 
in  the  Btu<liea  whiob  we  are  grouping  together  aa 
p&l»tiol(^CAl,  diverse  as  they  are  in  their  subjects. 
In  all  of  them  we  have  the  same  kind  of  manifestiitions 
of  a  number  of  nuoceaaiTe  changes,  each  springing  out 
of  a  preceding  stale ;  and  in  all,  the  phenomena  at  each 
step  become  more  and  more  complicated,  by  involving 
the  results  of  all  that  has  preceded,  modified  by  super- 
vening agendas.  The  general  aspect  of  all  these  trains 
of  change  is  similar,  and  offers  the  same  features  for 
description.  The  relics  and  ruins  of  the  earlier  states 
Are  preserrod,  mutilated  and  dead,  in  the  products  of 
later  times.  The  analogical  figures  by  which  we  are 
tempted  to  express  this  relation  are  philoaopliicuily 
true.  It  is  more  than  a  mere  fanciful  description,  to 
say  that  in  languages,  customs,  forms  of  society,  poli- 
tical institutions,  we  see  a  number  of  formations  super- 
imposed upon  ODC  another,  each  of  which  is,  for  the 
most  paxt.  an  assemblage  of  fragments  and  results  of 
the  preceding  condition.  Though  our  comparison 
might  lie  bold,  it  would  be  just,  if  we  were  to  assert, 
that  the  English  language  is  a  conglomerate  of  I^tin 
words,  bound  together  in  a  Saxon  cement;  the  irag- 
ments  of  the  Latin  being  partly  portions  introduced 
directly  irom  the  pareut  quarry,  with  all  their  sharp 
edges,  and  pai-tly  pebbles  of  the  same  material,  ob- 
scured and  shajied  by  long  rolling  in  a  Norman  or 
some  other  channel  Thus  the  study  of  palictiology 
in  the  materials  of  the  earth,  is  only  a  type  of  similar 
studies  with  respect  to  all  the  elements,  which,  in  the 
history  of  the  earth's  inhabitants,  have  been  constantly 
undergoing  a  series  of  connected  changes. 


Bnt,  wide  as  is  the  view  ffbicb  sucli  considentiMd 
give  as  of  the  class  of  Bcieuces  to  which  geology  bdoogk 
they  extend  still  further.  '  The  science  of  the  i^unga 
which  have  taken  place  in  the  organic  and  inorguiit 
kingdoms  of  nature,'  (such  is  the  description  whidi 
has  been  (p.ven  of  Geology,^  >i»>y,  by  following  anotb 
set  of  oouneidous,  be  extended  beyond  'the  mo<hGa- 
tions  of  the  surface  of  our  own  planet.'  For  we  ouinN 
doubt  that  some  resemblance,  of  a  closer  or  loow 
kind,  has  obtained  between  the  changes  and  camn  <£ 
change,  on  other  bodies  of  the  universe,  and  on  our 
own.  The  appeamnces  of  something  of  the  kind  of 
volcanic  action  on  the  sur&ce  of  the  moon,  are  not  Vt 
he  mistaken.  And  the  inquiries  concerning  the  oi^b 
of  our  planet  and  of  our  solar  system,  inquiries  to  wluii 
Geology  irresistibly  impels  her  students,  direct  ns  to 
ask  what  information  the  rest  of  the  universe  cm 
supply,  hearing  upon  this  subject.  It  has  been  thoogbt 
by  some,  that  we  can  trace  systems,  mote  or  leaa  like 
our  solar  system,  in  the  process  of  formation;  llie 
nebulous  matter,  which  is  ttt  first  expansive  and  atte- 
nuated,  condensing  gradually  into  suns  and  pUuett. 
"Whether  this  N^ndar  Hypothenia  be  tenable  or  not,  I 
shall  not  here  inquire ;  but  the  discussion  of  siidi  s 
qnestioii  would  be  closely  oonnected  with  geology,  both 
in  ita  interests  and  in  its  methods.  If  men  are  ent 
able  to  frame  a  science  of  the  past  changes  by  whidi 
the  universe  has  been  brought  into  its  present  canditioii, 
this  science  will  be  properly  described  as  CotmiaA 
Falcdiology. 

These  pal  etiological  Bciences  might  properly  be  caDed 
historical,  if  that  terra  were  sufficiently  preoiw:  (or 
they  are  all  of  the  nature  of  history,  being  conoemed 
with  the  succession  of  events ;  and  the  part  of  tiiitoiy 
which  deals  with  the  patit  causes  of  events,  is,  in  6ct, 
a  moral  paltetiology.  But  the  phrase  Natural  Hitbiri 
has  so  accustomed  us  to  a  use  of  the  word  Aisforyin  wUcb 
we  have  nothing  to  do  with  time,  that,  if  wb  were  to 
employ  the  word  historical  to  describe  the  pal  etiological 
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i,  it  would  be  in  constant  danger  of  being  mis- 
srstood.  The  fact  ia,  as  Moha  baa  said,  that  Natural 
*try,  wlieij  HyatematicnJly  treated,  rigorously  ex- 
es all  that  is  hutorieai;  for  it  classes  objects  by 
r  permaoent  and  univerbtil  properties,  and  baa 
iag  to  do  with  the  narration  of  particular  and 
al  facte.     And  this  is  an  inconsistency  which  we 

I  not  attempt  to  rectify. 

II  palfetiological  sciences,  since  they  imdertake  to 
r  chnjiges  to  their  causes,  oaaume  a  certain  classlli- 
>ii  of  the  phenomena  which  change  brings  forth, 

a  knowledge  of  the  operation  of  the  causes  of 
kge.  These  phenomena,  these  causes,  are  very 
irent,  in  the  branches  of  knowledge  which  I  have 
I  classed  together.  The  natutBl  features  of  tliu 
h's  surface,  the  works  of  art,  the  inBtitutions  of 
sty,  the  forms  of  language,  taken  together,  am 
oubtedly  a  very  wide  collection  of  subjects  of 
:ulation;  and  the  kinds  of  causation  which  apply 
hem  are  no  less  varied.  Of  the  causes  of  change 
the  inorganic  and  oi^nic  world, — the  peculiar 
iciples  of  Geology, — ^we  aliali  hereafter  have  to 
ik.  As  these  must  be  studied  by  the  geologist,  so, 
like  manner,  the  tendencies,  instincts,  faculties, 
iciples,  which  direct  man  to  architecture  and  sculp- 
I,  to  civil  government,  to  rational  and  grammatical 
ich,  and  which  have  determined  the  circumstanoea 
bis  progreHS  in  these  paths,  must  be  in  a  great 
ree  known  to  the  PalKtiologist  of  Art,  of  Society, 

of  Language,  respectively,  in  order  that  he  may 
iulate  soundly  upon  his  peculiar  subject.  With 
le  matters  we  shall  not  hero  meddle,  confining  our- 
ee,  in  onr  exemplihcation  of  the  conditions  and 
{Teas  of  such  sciences,  to  the  case  of  Geology, 
'he  journey  of  survey  which  we  have  attempted  to 
tornv  over  the  field  of  human  knowledge,  although 
JiiUy  directed  according  to  the  paths  and  divisions 
ihe  physical  sciences,  has  already  conducted  us  to 

boundaries  of  physical  science,  and  gives  us  a 
npse  of  the  region  beyond.  In  following  the  hifi- 
f  of  Life,  we  found  ourselves  led  to  notice  i^^ec* 

■b  Itf.  DO  -     -.m 


40a  HISTORY   OF  GEOLOGY. 

oeptive  and  addre  &cultie6  of  man ;  it  appeared  &t 
there  was  a  re«dy  psasage  from  physiology  to  1*!^ 
logy,  from  physics  to  metaphysics.  In  the  cImi  d 
BCieuccB  now  under  notice,  we  are,  at  a  difTerent  yiA 
carried  from  the  world  of  matter  to  the  world  d 
thought  and  feeling, — from  thingB  to  men.  Fot.a 
we  have  already  said,  the  science  of  the  auitm  i 
change  inciudee  the  productions  of  Alan  as  well  u  4 
Nature.  The  history  of  the  earth,  and  the  history  of 
the  earth's  inhabitants,  as  collecteil  from  phenoinai^ 
are  goTemed  by  the  same  |a'inci]ileB.  Thus  the  portiow 
of  knowledge  which  seek  to  travel  back  towards  Ae 
origin,  whether  of  inert  things  or  of  the  works  of  mm, 
resemble  each  other.  Both  of  them  treat  of  eTeobu 
oounccted  by  the  thread  of  tiine  and  cansatioa.  In 
both  we  endeavour  to  learn  accurately  what  the  pre- 
sent is,  and  hence  what  the  past  has  been.  Both  at 
historical  sciences  in  the  same  sense. 

It  must  be  recollected  that  I  ant  now  speaking  of 
history  as  Ktiotogical; — as  it  investigates  causes,  uid 
as  it  does  this  in  a  scientific,  that  is,  in  a  rigorous  ind 
systematic,  manner.  And  I  may  observe  here,  thm^ 
I  cannot  now  dwell  on  the  subject,  that  all  etiologicJ 
sciences  will  consist  of  three  portions ;  the  DescriptinD 
of  the  iacts  and  phenomena; — the  gener&l  Theory  of 
the  causes  of  change  appropriate  to  the  case ; — and  the 
Application  of  the  theory  to  the  facta.  Thus,  taking 
Geology  for  our  example,  we  must  have,  first  Dtacr'if- 
five  or  Phenomenal  Geology;  nest,  the  exposition  o( 
the  general  principles  by  which  such  jihenomena  cm 
be  produced,  which  we  may  term  Geologicallhptamia; 
and,  lastly,  doctrines  hence  derived,  as  to  what  hiii 
been  the  causes  of  the  existing  state  of  things,  vhich 
we  may  call  Phygieal  Geologi/. 

These  three  branches  of  geology  may  bo  found  fre- 
quently or  constantly  combined  in  the  works  of  wrilai 
on  the  subject,  and  it  may  not  always  be  easy  to  dis- 
wiminate  exactly  what  bch'ngs  to  each  subject.*    But 
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le  analogy  of  this  science  with  others,  its  present 
inditiou  ajid  future  fortunes,  will  derive  great  illus- 
ation  fi-om  such  a  distribution  of  ita  history ;  and  in 
lis  point  of  view,  therefore,  we  shall  briefly  treat  of 
;  dividing  the  history  of  Geological  Dynamics,  for 
le  sake  of  convenjeuee,  into  two  Chapters,  one  refer- 
ng  to  inorganic,  and  one  to  organic,  phenomena. 

hire  iDleDded   to  ulect  De-  ■  with  k  riiw  to  record  and  mut- 

iptiTtGeolon' "" ''"'rp'wU"  tiplj"    ob«r»M(Jon<.'     recognJied 

Id.     Inllkemnner.theorl^kl  [be   paaslblUly   of  a   Deacrlptivo 

n  of  the  Geological  Bodtty  of  Gfologjr  nejiirite  tlom  the  olhir 
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Seet.  I. — AiwierU  A'o(ices  oj"  Geotogieal  FatU. 

THE  recent  history  of  Geology,  as  to  its  most  im- 
portant points,  is  bound  up  with  'what  is  doingil 
present  from  day  to  day ;  and  that  portioa  of  the  bii- 
tory  of  the  acitince  which  belongs  to  the  past,  has  be«n 
amply  trpAted  by  other  writers.'  I  shall,  therdbre, 
pans  rapidly  over  the  series  of  events  of  wLii-h  thii 
history  consists;  and  shall  only  attempt  to  mention 
what  may  seero  to  illustrate  aud  confirm  my  own  vie* 
of  it-s  state  and  principles. 

Agreeably  to  the  order  alrendy  pointed  out,  I  ahtll 
notice,  in  the  first  place,  Phenomenal  Geology,  or  tli» 
description  of  the  (acta,  as  diatiuct  from  the  inqaiiy 
into  their  causes.  It  is  mauifeBt  that  such  a  merelf 
descriptive  kind  of  knowledge  may  exist;  and  it  pro- 
bably will  not  be  contested,  that  such  knowledge  oiiglrt 
to  be  collected,  before  we  attempt  to  fisme  theono 
concerning  the  causes  of  the  phenomena.  But  it  tuvA 
be  observed,  that  we  are  here  speaking  of  the  formatiaii 
of  a  science;  and  that  it  is  not  a  coOection  of  nuBwl- 
UneouH,  unconnected,  unarranged  knowledge  that  cm 
be  considered  as  constituting  science ;  but  a  methodiod, 
coherent,  and,  as  far  as  jwBaible,  complete  boiJyof  biiti^ 
exhibiting  t\illy  the  condition  of  the  earth,  as  r^tnb 
those  circumstances  which  are  the  subject-matter  of 
geological  speculation.     Such  a  Descriptive  Geology  a 
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a  pre-requiaite  to  Physical  Geology,  j  art  aa  Phenomenal 
Astronomy  necesaanly  preceded  Physical  Astrouomy, 
or  as  Claaaificatory  Botany  is  a  necessBry  accompani- 
ment t«  Botauicat  Physiology.  We  tnay  observe  also 
that  Descriptive  Geology,  aiioh  as  we  now  speak  of,  ia 
one  of  the  claaaificatory  sciences,  like  Mltierulogy  or 
Botany ;  and  will  be  found  to  exhibit  some  of  the 
features  of  that  cIbm  of  sciences. 

Since,  then,  our  History  of  Descriptive  Geolo^  is  to 
include  only  systematic  and  acientiiic  deHcrii)tioDS  of 
the  earth  or  portions  of  it,  we  pass  over,  at  once,  all 
tbe  casual  and  ioBulated  statements  of  facta,  though 
they  may  be  geological  facts,  which  occur  in  early 
irriters;  such,  for  inatancc,  as  the  remark  of  Hero- 
dotus,* that  there  are  shells  in  the  mountains  of  Egjrpt; 
or  the  general  statements  which  Ovid  puts  in  the 
mouth  of  Pythagoras :" 

Vidi  ego  qnod  faent  nlidissima  1«Ilu>, 
Roa  rretum  ;  Tidi  fictai  ex  tequiire  l«niu, 
Et  pracul  ■  peUgo  candue  jacnece  mu-iniB. 

We  may  remark  here  already  how  generally  there 
arc  mingled  with  descriptiye  notices  of  such  geological 
facts,  speculations  concerning  their  causes.  Herodotus 
refers  to  the  circti instance  Just  quoted,  for  the  purpose 
of  showing  that  Egypt  was  formerly  a  gulf  of  the  sea ; 
and  the  piLssage  of  the  Roman  poet  is  part  of  a  series 
of  exemplifications  which  he  gives  of  tbe  philosopliical 
tenet,  that  nothing  perishes  but  everything  changes. 
It  will  be  only  by  constant  attention  that  we  shall  be 
able  to  keep  our  provinces  of  geology  distinct, 

Sect.  a. — Earl;/  Descriptions  and  Collections  of  FuttUg. 

Jr  we  look,  as  we  have  proposed  to  do,  for  systematic 
andeiact  knowledge  of  geological  facts,  wo  find  nothing 
which  we  can  properly  adduce  till  we  come  to  modern 
times.  But  when  facts  such  as  those  already  moationed, 
(that  sea-shells  and  other  marine  objects  are  found  im- 
bedded in  rocks,)aadothercircumstance!i  in  the  structure 
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of  the  earth,  bad  attracted  considerable  attention,  tk 
esaot  examination,  coUectioD,  and  record  of  tlie»  d^ 
cumstances  began  to  be  attempted.  Among  such  utep 
in  Descriptive  Geology,  we  may  notice  descriptiau 
and  pictures  of  fosailB,  descriptions  of  veius  and  iniDCi^ 
collections  of  organic  and  inorganic  fosNilH,  mapscf  ^ 
mineral  atructure  of  countries,  and  fin&lly,  the  di' 
coveries  conceming  the  Biiperpoaition  of  strata,  1 
constancy  of  their  organic  contents,  their  correifai- 
dence  in  different  coimtries,  and  hucL  great  genenl  I 
relations  of  the  materials  and  features  of  the  earth  u 
have  been  discovered  up  to  the  present  tia)«.  Wiihont 
attempting  to  assign  to  evei^  important  advance  it» 
atithor,  I  shall  briefly  exemplify  each  of  the  mode*  of 
contributing  to  descriptive  geology  which  I  have  jnit 
enumerated. 

The  study  of  organic  fossils  was  first  pursued  wit^ 
connexion  and  system  in  Italy.  The  hills  which  Od 
each  side  skirt  the  mountain-range  of  the  Apemiiaei 
are  singularly  rich  in  remains  of  niaiine  animals.  What 
these  remarkable  objects  drew  the  attention  of  thon^t- 
ful  men,  controversies  soon  arose  whether  they  rMllf 
were  the  remains  of  living  creatures,  or  the  producticot 
of  some  capricious  or  mysterious  power  by  which  the 
forms  of  such  creatures  were  mimicked;  and  again,  if 
the  shells  were  really  the  spoils  of  the  sea,  whether 
they  hod  been  carried  to  the  hills  by  the  deluge  of 
which  the  Scripture  speaks,  or  whether  they  iudieated 
revolutions  of  the  earth  of  a  different  kind.  Theeariio' 
works  which  contain  the  descriptions  of  the  phenonMM 
have,  in  almost  all  instances,  by  fiir  the  greater  part  (if 
their  pages  occupied  with  these  speculations;  indeod, 
the  &cts  could  not  he  studied  without  leading  toflucli 
inferences,  and  would  not  have  been  collected  bat  tx 
the  interest  which  such  reasonings  possessed.  As  oot 
of  the  first  persons  who  applied  a  sound  and  vigorow 
intellect  to  these  subjects,  we  may  notice  the  celebrated 
painter  Leonardo  da  Vinci,  whom  we  have  already  h»d 
to  refer  to  as  one  of  the  founders  of  the  modem  mechi- 
nical  sciences.  He  strenuously  asserts  the  contents  of 
the  rocks  to  be  real  shells,  and  maintains  the  reaJityof 
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the  changes  of  tlie  domaiu  of  land  and  sea  wliich  these 
spoils  of  the  imxau  imply.  '  You  will  tell  me,'  he  says, 
'  that  nature  and  the  iuflaeace  of  the  etara  have  formed 
these  shellj  forms  in  the  mountains ;  then  show  nie  a 
pUtce  in  the  mountiuna  where  the  atara  at  the  ]>reaeut 
d»f  make  filieUy  forms  of  different  ages,  and  of  different 
species  in  the  same  place.  And  how,  with  that,  will 
you  explain  the  graFel  which  in  hardened  in  stages  at 
different  heighu  in  the  mountains  V  He  then  mentions 
several  other  particulars  reajiecting  these  evidences  thnt 
the  eiiflting  mountaiua  were  fcrmurly  the  beil  of  the  sea. 
liWinardo  died  in  1519.  At  present  we  refer  to  geo- 
logical essays  like  his,  only  so  far  as  they  are  descrip- 
tive Going  onwards  with  this  view,  we  may  notice 
Fracastoro,  who  wrote  concerning  the  petri factious 
which  were  brought  to  light  in  the  mountains  of 
Verona,  when,  in  1517,  they  were  excavated  for  the 
purpose  of  repairing  the  city.  Little  was  done  in  the 
way  of  collection  of  fiicts  for  some  time  after  this.  In 
1669,  St«no,  a  Dane  resident  in  Italy,  put  forth  his 
treatise,  De  Solido  iiUTa  Solidani  naturaliter  contenlo; 
and  the  following  year,  Angustino  Soilla,  a  Sicilian 
painter,  published  a  Latin  epistle,  De  Cinjxiribua 
Marinit  Lapiilescenttbut,  illustrated  by  good  engravings 
of  foBsil-shella,  teeth,  and  corals.*  After  another  in- 
terval of  speculative  controversy,  we  come  to  Antonio 
Vallisneri,  whose  letters,  De  Carpi  Marijii  chemi'  Monti 
ti  trovano,  appeared  at  Venice  in  1721.  In  theae 
letters  he  describes  the  fossils  of  Monte  Boica,  and 
attempts  to  trace  the  extent  of  the  marine  deposits  of 
Italy,'  and  to  distinguish  the  most  important  of  the 
IobsUb.  Similar  descriptions  and  figures  were  published 
with  reference  to  oiir  own  country  at  a  later  jieriod.  In 
1766,  Brander's  Fotnilia  HaTitoniemia,  or  Hampshire 
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FossiIb,  appeared ;  containmg  excellent  figures  of  fiad 
Bbells  irom  a  part  of  the  Boutb  coast  of  EiiKUod;  tm' 
aiinilar  works  came  forth  in  other  parts  of  £nrop«. 

However  esii^t  might  be  the  deBcriptious  aui]  Ggirra 
thus  produced,  thejT  could  not  give  such  coni|>l«n 
information  as  the  objects  themeelves,  oollectwJ  tiA 
jientiaueiitly  preserved  in  muaeuniB.  ValliBiieri 
that  having  begun  to  collect  fossils  for  the  purpowrf 
forming  a  grotto,  be  selected  the  best,  and  presemd 
them  'aH  a  noble  diversion  for  the  more  curious."  "" 
muBcum  of  OalceoJariuB  at  Verona  contained  a 
brated  collection  of  HUch  remoina.  A  copious  descrip- 
tion of  it  appeared  in  i6a3.  Such  collections  had  h 
made  from  an  earlier  period,  and  catalogues  of  tb 
pnblished.  Thus  G«Bsner's  work,  DeRerum  Fo»siliui», 
Lapidum  el  Genanarum  Fi^ris,  (1565.)  ctint*iM  t 
catalogue  of  the  cabinet  of  petrifactions  collected  hf 
John  Kentman;  many  catalogues  of  tlie  sane  kind 
appeared  in  the  seventeenth  centui^.^  Lbwyd's  LyOiO- 
phj/laeii  Bntannici  Icmwgraphia,  published  at  Osfoid 
in  1669,  and  exhibiting  a  very  ample  catalogne  of 
English  Fossils  contained  in  the  Ashtnolean  Muaeani, 
may  be  noticed  as  one  of  these. 

One  of  the  most  remarkable  occurrences  in  the  pnv 
gresa  of  descriptive  geology  in  England,  was  the  fonaa- 
tion  of  a  geological  museum  by  William  Woodward  x 
early  as  1695.  Thiscoilection,fonned  with  great  labour, 
systematically  arranged,  and  carefully  cntalogued,  he 
bequeathed  to  the  University  of  Carabridgej  fonndii^ 
and  endowing  at  the  same  time  a  professorship  of  the 
study  of  geology.  Tlie  Woodwardian  Museum  still 
subsists,  a  monument  of  the  sagacity  with  which  its 
author  so  early  saw  the  importance  of  such  a  coUectioiL 

Collections  and  descriptions  of  fossils,  including  in 
the  term  s[)ecimenB  of  minerals  of  all  kinds,  as  well  ss 
organic  remains,  were  frequently  made,  and  especially 
in  places  wjiere  raining  was  cultivated ;  but  under  snoh 
circumstances,  they  scarcely  tended  at  all  to  that  general 
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and  complete  knowledge  of  the  earth  of  which  we  are 
aow  tracing  the  progress. 

Id  more  modern  times,  collections  may  be  wvid  to  be 
the  most  important  hooka  of  the  geologist,  at  least  uext 
to  the  strata  themselves.  The  identifications  and  ar- 
rangements of  our  hent  geologists,  the  immense  studies 
of  fossil  anatomj  by  Cuvier  and  others,  have  been  con- 
ducted mainly  by  means  of  collections  of  specimens. 
They  are  more  important  in  this  study  than  in  botany, 
because  specimens  which  contain  important  geological 
mforumtion  are  both  more  rare  and  more  permanent. 
Plants,  though  each  individual  is  perishable,  perpetuate 
and  diffuse  their  kind ;  while  the  organic  impression 
on  a  stone,  if  lost,  may  never  occur  in  a  second  instance; 
but,  outheother  hand,  if  it  be  preserved  in  the  museum, 
the  individual  is  almost  as  permanent  in  this  case,  as 
tbe  species  in  the  other. 

I  uhall  proceed  to  notice  another  mode  in  which  such 
information  was  conveyed. 

Sect.  3. — First  Conslraclion  of  Oeologieal  Map». 

Dr.  Lister,  a  learned  physician,  sent  to  the  Royal  So- 
ciety, in  1683,  a  proposal  for  mapsof  soils  or  minerals; 
ia  which  he  suggested  that  in  the  map  of  England,  for 
example,  each  soil  and  its  bounduries  might  be  distin- 
guished by  colour,  or  in  some  other  way.  Such  a  mode 
of  expressing  and  connecting  our  knowledge  of  the 
materials  of  the  earth,  was,  perhaps,  obvious,  when  the 
mass  of  knowledge  became  considerable.  In  1730,  Fon- 
tenelle,  in  his  ol«ervations  on  a  paper  of  De  Keaumur's, 
which  contained  an  account  of  a  deposit  of  foBail-shella 
in  Tom-aine,  says,  that  in  order  to  reason  on  such  cases, 
'  we  must  have  a  kind  of  geographical  charts,  con- 
structed according  to  the  collectious  of  shells  found  in 
the  earth.'  But  he  justly  adds,  '  What  a  quantity  of 
observations,  and  whiit  time,  would  it  not  require  to 
form  such  maps !" 

The  BYecution  of  such  projects  required,  not  merely 
great  labour,  but  several  steps  in  generalization  and 
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olascuficatioD,  before  it  could  toJce  place.  Still  niA 
attempts  were  made.  In  1743,  was  published,  J  in* 
PhUosophico-cIwrograpkieai  Cluirt  o/Etut  Kent,  iitcailid 
and  de/inecUed  by  CbiistopUer  Facke,  M.D.;  iu  whicli. 
however,  the  m&in  object  ia  nther  to  espreaa  the  conni 
of  the  valleys  th&a  the  materials  of  the  couutij, 
Guettard  formed  the  project  of  &  mioeralogical  ni&p  of 
France,  and  Moiinet  carried  this  scheme  into  effect  in 
1780,*  'by  order  of  the  king.'  In  these  juapti,  however, 
the  country  b  not  considered  as  divided  into  sails,itill 
less  strata  j  but  each  part  ia  marked  with  its  predomi- 
nant mineral  only.  The  spirit  of  general izntion  whicK 
conatitutcB  the  main  value  of  such  a  work  is  wanting. 
Geological  mnps  belong  strictly  to  DescriptiT* 
Geology ;  they  are  fi-ee  fi-oni  those  wide  and  donbtAl 
speculatiouB  which  form,  so  large  a  portion  of  the  eariitt 
geological  books.  Yet  even  geological  maps  cannot  bi 
usefully  or  consistently  constructed  withont  contLdtc^ 
able  steps  of  classification  and  generalization.  W1M( 
in  our  own  time,  geologists  were  become  weary  oftM.- 
troversiea  respecting  theory,  they  applied  themsebtf 
with  extraordiuary  zeal  to  the  construction  of  atnti- 
graphical  maps  of  various  countries-  flattering  them- 
selves that  in  this  way  they  were  merely  recording 
incontestable  &cts  and  differences.  Nor  do  I  mean  to 
intimate  that  their  fects  were  doubtful,  or  tbdr  dis- 
tinctions arbitrary.  But  still  they  were  facta  inter- 
preted, associated,  and  represented,  by  means  of  the 
classifications  and  general  laws  which  earlier  geoli^ilti 
had  established;  and  thus  even  Descriptive  Girilogf 
has  been  brought  into  existence  as  a  science  by  the 
formation  of  systems  and  the  discovery  of  principle*. 
At  this  we  cannot  be  surprized,  when  we  recollect  the 
many  steps  which  the  formation  of  Claasificatory  Botuiy 
required.  We  must  now  notice  some  of  the  prindptd 
discoveries  which  tended  to  the  formation  of  Systonut^ 
Descriptive  Geology. 
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Sect.  I. — IHscot-ery  of  iha  Order  and  Slratijlcalion  of 
the  MaUrials  of  the  Eartft. 

THAT  the  substancea  of  which  the  earth  is  framed 
are  not  scattered  and  mixed  at  random,  but  possess 
identity  and  continuity  to  a  considerable  extent,  Lister 
was  aware,  when  he  proposed  hia  map.  But  there  is, 
ill  his  suggestions,  nothing  relating  to  stratiUcationj 
nor  any  order  of  position,  still  less  of  time,  assigned 
to  tliese  materials.  Womlward,  however,  ajipears  to 
Imve  been  fully  aware  of  the  genen»l  taw  of  stratifica- 
tion. On  collecting  information  from  all  parte,  '  the 
result  was,'  he  says,  '  that  in  time  I  was  abundantly 
MHured  that  the  circum.stances  of  these  things  in 
remoter  countries  were  much  the  same  with  those  of 
ours  here :  that  the  stone,  and  other  terrestrial  matter, 
in  France,  Flanders,  Holland,  Spain,  Italy,  Qermany, 
Denmark,  and  Sweden,  was  distinguished  into  atrtUa 
or  layers,  as  it  is  in  England;  that  tliese  strata  were 
divided  by  parallel  fissures;  that  there  were  enclosed 
in  the  stone  and  all  the  other  denser  kinds  of  terres- 
trial matter,  great  numbers  of  the  shells,  and  other 
productions  of  the  sea,  in  the  same  manner  as  in  that 
of  this  island.'!  go  remarkable  a  tnith,  thus  collected 
from  a  copious  collection  of  particulars  by  a  patient 
induction,  was  an  important  step  in  the  science. 

These  general  facts  now  began  to  be  commonly  reco- 
gnized, ond  followed  into  detail.  Stukelcy  the  anti- 
quary'(1724),  remarked  an  important  feature  in  the 
strata  of  England,  that  their  escarpnienCs,  or  steepest 
,  are  turned  towards  the  west  and  north-wcat; 
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and  Stracliey''  (1719),  gaveaattatigrapliical  descripliao 
of  certaia  coal-miiies  near  Bath.*  Micbell,  appoinwd 
Woodwardian  Professor  at  Cambridge  in  176a,  it- 
Bcribed  this  stratified  structure  of  the  earth  far  more 
distinctly  than  hia  predeceaaors,  and  pointed  ont,  n 
the  consequence  of  it,  thai '  the  same  kinds  of  MTtb, 
stones,  and  iiiinerala,  will  appear  at  tlie  surface  of  tite 
earth  in  long  parallel  slips,  parallel  to  the  long  ridgn 
of  mountains;  and  so,  in  fact,  we  find  them.'^ 

Michell  {aa  appeared  by  papers  of  hia  which  wem 
examined  afl-er  hia  deatli)  had  made  himself  aoqnainud 
with  the  series  of  Engliali  strata  which  thus  occur  C 
Cambridge  to  York; — -that  ia,  from  the  chalk  to  the 
coal.  These  relations  of  position  required  that  geolo- 
gical maps,  to  complete  the  inforraation  they  cooTKye)^ 
should  be  accompanied  by  geological  Sections,  or  ima- 
ginary repreaentationa  of  the  order  and  mode  of 
auperpoaitions,  as  well  bo  of  the  superlicial  extent  of 
the  strata,  as  in  more  recent  times  has  usually  been 
done.  The  strata,  as  we  travel  from  the  higher  to  tlie 
lower,  come  from  uuder  each  otlier  into  view;  ud 
this  out-cropping,  basaeting,  or  by  whatever  Other 
term  it  is  described,  is  au  iinjiortMit  feature  in  tlat 
description. 

It  was  further  noticed  that  these  I'elations  of  poeitioD 
were  combined  with  other  important  facts,  whicb  in*- 
sistibly  suggested  the  notion  of  a  relation  in  tiow 
This,  indeed,  was  impbed  in  all  theories  of  the  earth; 
but  observations  of  the  facts  most  require  our  notiM. 
Steiio  is  asserted  by  Humboldt^  to  be  the  first  who  (io 
1669)  distinguished  between  rocks  anterior  to  lAe 
existence  of  plants  and  animals  upon  the  glohe,  000- 
tainingtherefore  DO  organic  remains;  and  rocks  super- 
imposed on  these,  and  full  of  sueh  remains;  'turbidi 
maris  sediments  sibi  invicem  impoalta.' 

Rouelle  is  stated,  by  his  pupil  Desmarcst,  to  have 
made    some  additional   and    important   observsliona 
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'He  saw,'  it  ia  said,  'that  the  ahella  which  occur  in 
rocks  were  not  the  same  in  all  countries;  that  oertaiii 
gpocies  occur  together,  whUe  others  do  not  oucur  in 
the  sitme  beds ;  that  there  ia  a  constant  order  in  the 
arrangement  of  these  shells,  certain  species  lying  in 
distinct  Iiands.'^ 

Such  divisions  as  these  required  to  be  marked  hy 
technical  names.  A  distinction  waa  made  of  I'anaUnm 
terre  and  la  nourdle  terre,  to  which  Koiielle  added  a 
travailh  iidermidiaire.  Roue  lie  died  in  1770,  having 
been  known  by  lectures,  not  by  books.  Lt'liman,  in 
1756,  claims  for  himself  the  credit  of  being  the  first  to 
observe  and  describe  correctly  the  structure  ofstratified 
countries;  being  ignorant,  probably,  of  the  labours  of 
Stracbey  in  England.  He  divided  mountains  into 
three  classes;^  primitive,  which  were  formed  with  the 
world ; — those  which  resulted  from  a  partial  destruction 
of  the  primitive  rocks; — nnd  a  third  class  resiJting 
from  local  oruniversal  deluges.  In  1759,  also,  Ardnin*,* 
in  his  Memoirs  on  the  mountains  of  Padua,  Yioenza, 
and  Verona,  deduced,  from  original  observations,  the 
distinetionof  rocks  into  pmjirtry.aecojuiiry,  and (ertwjry. 

Tbe  relations  of  position  and  fossils  were,  from  this 
period,  inseparably  connected  with  opinions  concerning 
succession  in  time.  Odoardi  remarked,'*'  that  the 
strata  of  the  Subapennine  hills  are  uneon/oi'mable  to 
those  of  the  Apeimine,  (as  Strachey  had  observed,  that 
the  strata  above  the  coal  were  unconformable  to  the 
cool;")  and  his  work  contained  a  clear  argument  re- 
specting the  different  ages  of  these  two  classes  of  hills. 
Fuchsel  was,  in  1762,  awftreof  the  distinctness  of  strata 
of  difiereut  ages  in  Germany.  Fallas  and  Saumnre 
were  guided  by  general  views  of  the  same  kind  in 
observing  the  countries  which  they  visited:  but,  per- 
haps, the  general  circulation  of  such  notions  waa  most 
duo  to  Werner. 
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Webser  exjiresaed  the  general  relntiona  of  the  stna 
of  the  earth  by  means  of  classifications  which,  so  fiu 
aa  general  applicability  is  concerned,  are  estnsnielj 
imperfect  and  arbitrary;  he  promulgated  a  iLeufy 
which  almost  entirely  neglected  all  the  fiicts  previwiil; 
discovered  respecting  the  grouping  of  fossils, — wbick 
was  founded  upon  obeervationa  made  in  a  very  limited 
district  of  Germany, — and  which  was  coutradicttd 
even  by  the  facts  of  this  district  Yet  the  acntenw 
of  his  discrioi illation  in  the  Bubjects  which  be  studied, 
the  generality  of  the  tenets  he  asserted,  aud  tlie 
chiirm  which  he  threw  about  his  specitlatioua,  gave  lo 
Geology,  or,  as  he  termed  it,  Geognotjf,  a  popularity  unil 
reputation  which  it  had  never  before  possessed.  Rii 
system  asserted  certain  universal  formations,  wbidi 
followed  each  other  in  a  constant  order; — gr&nit«  ihe 
lowest, — then  mica-3lat«  aud  clay-slate; — upon  thne 
prirrutiv«  rocks,  generally  highly  inclined,  rest  othot 
IraruUion  strata; — upon  those,  lie  secondary  ones, which 
being  more  nearly  honEontal,  are  called  _/ftte  or  list 
The  term  /ortnaCion,  which  we  have  thus  introttnooi, 
indicating  groups  which,  by  evidence  of  all  kind^ — 
of  tlieir  materials,  their  position,  and  their  arguat 
contents, — are  judged  to  belong  to  the  same  period 
implies  no  small  amount  of  theory :  yet  this  tern, 
from  this  time  forth,  is  to  be  looked  ujmn  as  a  torn 
of  classification  solely,  so  far  as  claaaification  can  ht 
separately  attended  to. 

Werner's  distinctions  of  strata  were  for  the  most 
part  drawn  from  mineralogical  constitution.  Doubt- 
leas,  he  could  not  fail  to  perceive  the  great  importaooe 
of  organic  fossils,  '  I  was  witness,'  says  M.  de  Hnm- 
boldt,  one  of  his  most  philosophical  followers,  *  of  the 
lively  satiefoction  which  he  felt  when,  in  1791,  U. 
De  Schlothcim.  one  of  the  most  distinguished  geole^sla 
of  the  Bcliool  of  Freiberg,  began  to  make  the  r«lntioDi 
of  fossils  to  strata  the  principal  object  of  his  stadiei' 
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But  Weroer  and  the  disciples  of  hia  scbool,  even  the 
most  enlightened  of  them,  never  employed  the  cha- 
riLcters  derived  from  organic  remains  with  the  same 
boldness  ajid  perseverance  as  those  who  had  from  the 
first  considered  them  as  the  leading  phenomena ;  thus 
M.  de  Humboldt  expresses  doubts  which  perhaps  man^ 
other  geologists  do  not  feel  when,  in  1823,  he  says, 
'Are  we  justified  incoDchiding  that  nil  formations  are 
ch&racterized  by  particular  speciesl  that  the  foasil- 
shells  of  the  chalk,  the  iDuschelkalk,  the  Jura  lime- 
stone, and  the  Alpine  limestone,  are  all  ditferenti  I 
think  this  would  be  pwthiug  the  induction  much  too 
fiu".''-  In  Prof.  Jameson's  Geognmi/,  wliich  may  he 
taken  as  a  representation  of  the  WerueriBU  doctrines, 
organic  fossUs  are  in  no  instance  referred  to  as  cha- 
racters of  formationa  or  strata.  After  the  curions  and 
important  evidecce,  contained  in  organic  fossils,  which 
had  been  brought  into  view  by  the  labours  of  Italian, 
English,  and  Uerman  writers,  the  promulgation  of  a 
system  of  Descriptive  Geology,  in  which  all  this  evi- 
dence was  neglected,  camiot  be  considered  othernise 
than  as  a  retrograde  step  in  science. 

Werner  maintained  the  aqueous  deposition  of  all 
strata  above  the  primitive  rocks;  even  of  those  trap 
rocks,  to  which,  from  their  resemblance  to  lava  and 
other  phenomena,  Raape,  Arduino,  and  others,  had 
already  assigned  a  volcanic  origin.  The  fierce  and 
long  controversy  between  the  Vulcanisla  and  A'eptttnitta, 
which  this  dogma  excited,  does  not  belong  to  this  part 
of  our  history;  but  the  discovery  of  veins  of  granite 
penetrating  the  superincumbent  slate,  to  which  the 
conti-oversy  led,  was  an  important  event  in  descriptive 
geology.  Uutton,  the  author  of  the  theory  of  igoeona 
causation  which  was  in  this  country  opposed  to  that 
of  Werner,  sought  and  found  this  phenomenon  in  the 
Grampian  hills,  in  1785.  This  supposed  verification 
of  his  system  '  filled  him  with  delight,  and  called  forth 
'i  marks  of  Joy  and  exultation,  that  the  guides 
)  accotnpani&d  him  were  persnaded,  says  bis  bio- 
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gTEphei',"  that  he  must  hare  dbcoTered  aveiaotiHtx 
or  gold."'* 

Desmarcst's  examination  of  Auvei^e(  1 768)  shnwfd 
that  Uiere  was  there  an  instance  of  a  country  whid 
could  not  even  be  described  without  terma  impljing 
that  the  basalt,  which  covered  so  large  a  portion  ^it. 
had  flowed  from  the  craterB  of  extinct  volcauoes.  Oil 
map  of  Auvergne  was  an  excellent  example  of  1 
survey  of  »uch  a  country,  thiw  exhibiting  feotnw 
quite  different  &om  those  of  commoa  Btnti6ed 
countries.'' 

The  facts  connected  with  metalliferouB  veins  wen 
also  objects  of  Wemer'a  attention.  A  knowledge  of 
sach  facta  is  valuable  to  the  geologist  aa  weU  as  to  tiw 
miner,  although  even  yet  much  difficulty  attends  ail 
attempts  to  theorize  ctmccming  them.  The  facte  <rf 
thitf  nature  have  been  coUeated  in  great  abundaoce  in 
all  mining  districts;  and  form  a  prominent  fmrt  of  the 
descriptive  geology  of  such  districts;  aa,  for  example, 
the  Hartz,  and  Cornwall. 

Without  further  pursuing  the  history  of  the  knov- 
ledge  of  the  inorganic  phenomena  of  the  earth,  I  ton 
to  a  still  richer  department  of  gwlogy,  which  ia  cdt 
cemed  with  organic  fossils. 

Sect.  3. — Application  0/ Organic  Jiemaint  a 
Geoloyical  CltaratUr. — Smitk, 
RoiTELLE  and  Odoardi  had  perceived,  as  we  have  W^  ' 
that  fossils  were  groujied  in  bands:  but  from  thi> 
general  observation  to  tlie  execution  of  a  survey  of  ■ 
large  kingdom,  founded  upon  this  principle,  wonU 
Lave  been  a  vast  stride,  even  if  the  author  of  it  had 
been  aware  of  the  doctrines  thus  as.<<erted  by  tbcM 
writers.  In  fact,  however,  William  Smith  exeenltd 
such  a  survey  of  England,  with  no  other  guide  or  help 
than  his  own  sagacity  and  perseverance.  In  hi» 
employments  as  a  civil  engineer,  he  noticed  tlie 
I'emarkable  continuity  and  constant  order  of  the  ■! 
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I  the  neighbourliood  of  Bath,  as  discriminated  by 
eir  fossils;  and  about  the  year  1793,  he'*  drew  up  11 
Autar  View  of  the  strata  of  that  district,  which 
mtained  the  germ  of  hia  subaequeut  diacovoriea. 
"  'a  the  north  of  England  the  same  strata  and 
Kiations  of  strata  witli  which  he  had  become 
ainted  in  the  went,  he  was  led  to  name  them  and 
b  represent  them  by  means  of  maps,  according  to  their 
Ter  the  whole  face  of  England.  These 
I  appeared''  In  1815^  and  a  work  by  the  same 
r,  entitled  The  EngUsh  Strata  iilerdijied  by  Organic 
ina,  came  forth  later.  But  the  views  on  which 
B  identification  of  strata  reata,  belong  to  a  consider- 
ably earlier  date;  and  had  not  only  boen  acted  upon, 
bttt  freely  imparted  in  conversation  many  yenrs 
before. 

In  the  mean  time  the  study  of  fossils  was  pursued 
with  z«il  in  various  countries,  Lamarck  and  Defrance 
employed  themselves  in  determining  the  fossil  shells 
of  the  neighbourhood  of  Paris;'^  and  the  interest 
inspired  by  this  Bubject  was  strongly  nourished  and 
stimulated  by  the  memorable  work  of  Cuvier  and 
firongniart.  Ore  the  Environa  of  Paris,  published  in 
l8ii,  and  by  Cuvier'a  subsequent  researches  on  the 
iiubjecta  thus  brought  under  notice.  For  now,  not 
only  the  distinction,  succession,  and  arrangement, 
but  many  other  relations  among  fossil  strata,  irre- 
sistibly arrested  the  attention  of  the  ptiilosopher. 
Brongniart"  showed  that  very  striking  resemblances 
occurred  in  their  fossil  i-emaina,  between  certain  strata 
of  Europe  and  of  North  America;  and  proved  that  a 
rock  may  be  so  much  disguised,  that  the  identity  of 
the  stratum  can  only  be  recognized  by  geological 
characterB.'-'" 

The  Italian  geologists  had  found  in  their  hills,  for 
the  moat  part,  the  same  species  of  sheila  which  existed 

I'  Fiiiou.  p.  14H  ''  Bril.  Awoc.  18  !J.     Cunybcure,  p.  J7j. 
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in  their  Reus ;  but  the  German  and  English  irrib4i.  ■ 
Gesner,*'  Kaspe,'*  and  Brander,*^  had  perceived  ll 
the  fossil-shells  were  either  of  unknown  speciea,  (a 
such  as  Uve<l  in  distant  latitudes.  To  decide  that  lb 
animals  and  plaut«,  of  which  we  find  the  remuutin* 
fossil  state,  were  of  species  now  extinct,  obvioMl; 
required  an  exact  und  exteu^ve  knowledge  of  twtund 
history.  And  if  this  were  bo,  to  assign  the  rdntioai 
of  the  past  to  the  existing  tribes  of  beings,  aoil  li* 
peculiarities  of  their  vital  proccsaeB  and  habits^ » 
tasks  which  could  not  l>e  perforuied  without  tb*  nmt 
coDsiunmate  phj^ologtcal  skill  and  talent.  Sod 
tasks,  however,  have  been  the  bmiliar  emplojmenta  of 
geologists,  and  naturalists  incited  and  appealed  lo  h; 
geologists,  ever  since  Cuvier  puhlished  his  examiimtinti 
of  the  fossil  inhabitants  of  the  Paris  basin.  WiUioat 
attempting  a  history  of  such  labours,  I  may  notice  I 
few  circuinstances  connected  with  them. 

Sect.  4. — Advances  in  Palteonl'ilogi/, — Cuvier. 

So  long  as  the  organic  fossils  which  were  found  in  tbc 
strata  of  the  earth  were  the  remains  of  marine  aninuli, 
it  wHd  very  difficult  for  geologists  to  be  assured  thit 
the  animals  were  such  as  did  not  exist  in  any  put  or 
clinie  of  the  existing  ocean.  But  when  huge  luul  md 
river  animals  were  discovered,  difierent  from  tmj 
known  species,  the  persuasion  that  they  were  of  extinct 
raoes  was  forced  upon  the  uatuniHst.  Yet  this  opinion 
was  not  taken  up  slightly,  nor  acquiesced  in  without 
many  struggles. 

Boues  trupposed  to  belong  to  foBsU  elephants,  were 
some  of  the  first  with  regard  to  which  this  conclusion 
was  established.  Such  remains  ocwur  in  vast  number* 
in  the  soil  and  gravel  of  almost  every  part  of  the  world) 
especially  in  Siberia,  where  they  ore  called  the  bono 
of  the  vufimaoth.  They  hod  been  noticed  by  the 
ancients,  as  we  learn  fi-om  Pliny;-*  and  had  bwD 
Bserihed  to  human  giants,  to  elephants  impc 
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the  Romana,  and  to  many  otlier  origins.  But  in  1796, 
Cuvjer  hiul  exumiiied  these  opinious  with  a  more  pro- 
found knowledge  than  his  predeeeflsors;  and  he  thus 
stated  the  result  of  his  researches.^  '  With  regard  to 
wlmt  have  been  called  the  fosail  I'emains  of  elephants, 
Irom  TentiZelins  to  Pallas,  I  believe  that  I  am  iu  a 
ooaditioD  to  prove,  that  they  belong  to  animats  which 
were  very  clearly  different  in  species  from  our  existing 
elepbantB,  although  they  resembled  them  sufficiently  to 
be  consiilered  as  belonging  to  the  same  genera.'  He  bad 
fbnnded  this  conclusion  principally  on  the  atructure  of 
the  teetit,  which  he  found  to  differ  in  the  Asiatic  and 
Afrietui  elephant;  while,  in  the  fossil  Animal,  it  was 
different  from  both.  But  he  also  reasoned  in  part  on 
the  forni  of  the  skull,  of  whioh  the  best-known  example 
had  been  described  in  the  PMlompkical  Tranaactunm 
as  early  as  1737.*-*  'As  soon,'  says  Cnvier,  at  a  Isler 
period,  '  as  I  became  acquainted  with  Messerschmidt's 
drawing,  and  joined  to  the  differences  which  it  pre- 
Mmt^d,  th»>e  which  I  had  myself  observed  in  the 
inferior  jaw  and  the  raolar  teeth,  I  no  longer  doubted 
that  the  fossU  elephants  were  of  a  species  different  from 
the  Indian  elephant.  This  idea,  which  I  aunoimced  to 
the  Institute  in  the  month  of  January,  1796,  opened 
to  me  views  entirely  new  respecting  the  theory  of  the 
tarth ;  and  determined  me  to  devote  myself  to  the  long 
reaeorches  and  to  the  n^idnous  labours  which  have  now 
occupied  me  for  twenty-five  years.'*' 

We  have  here,  then,  the  starting-point  of  those 
researches  concerning  extinct  animals,  which,  ever 
since  that  time,  have  attracted  so  lai^  a  share  of  notice 
from  geologists  and  from  the  world,  Cuvier  could 
hardly  have  anticipated  the  vaet  storehouse  of  materials 
which  lay  under  his  feet,  ready  to  supply  him  occnpa- 
tion  of  the  most  intense  interest  in  the  career  on  which 
he  had  thus  entered.     The  examination  of  the  strata 
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OD  wbich  F&ris  Btauda,  and  of  wbicli  iw  Inulfiip 
consist,  supplied  liitu  with  nnimals,  not  only  ililTmil 
from  existing  onea,  but  some  of  them  of  greut  ateui 
ciiiiouB  pecuiiarities.  A  cnrefnl  exaniiimtioii  oftb 
remainH  which  these  stitita  contmn  vaa  uniieHaka 
soon  after  the  period  we  have  referred  to.  In  lJ9^ 
DefraiicB  had  coliected  several  liundrt-ds  of  unfe 
scribed  species  of  shells;  and  Lamsrck'^  beg&n  assia 
of  Memoirs  upon  them;  remodelling  the  whob  rf 
Gonchology,  in  order  that  they  might  be  inclmlad  b. 
its  clafisificatioiiB.  And  two  years  at^erwfirds  (1SS4) 
appears  the  first  of  Cnvier's  grand  series  of  Uemcia 
containing  the  restoration  of  the  vertebrate  animili<f 
these  stmUt.  In  this  vast  natur&l  museum,  and  in  (at- 
tributions from  other  parts  of  the  globe,  he  discorenJ 
tile  most  estraotdinaiy  creatures: — the  Palieotheriuni.' 
which  is  intermediate  between  the  horse  and  the  pig; 
the  Anoplotherium,  which  stands  nearest  to  the  ridno- 
ceros  and  the  tapir;  the  Alegalonix  and  MegatherimD. 
animals  of  the  sloth  tribe,  but  of  the  size  of  the  01  and 
the  rhinoceros.  The  Memoirs  which  contained  Uhm 
and  many  other  discoveries,  set  the  naturalists  to  waA 
in  every  pai-t  of  Europe. 

Another  very  curious  class  of  uiimHls  was  brongfal 
to  light  principally  by  the  geologists  of  Engiud; 
animals  of  Which  the  bones,  found  in  the  lia«  stntaB, 
were  at  fiiat  supposed  to  be  those  of  crocodiles.  But 
in  1816,^  Sir  Everard  Home  says,  '  In  tmth,  on  aoM- 
sidemtion  of  tliLs  skeleton,  we  cannot  but  be  indined 
to  believe,  that  among  the  animals  destroyed  by  Ibe 
catastrophes  of  remote  antiquity,  there  had  been  sunw 
at  least  that  differ  so  entirely  in  their  structure  fivD 
any  which  now  exist  as  to  make  it  impoasible  to 
arrange  their  fossil  remains  with  any  known  das  d 
animals.'  The  animal  thus  referred  to,  being  dearif 
intermediate  between  fishes  and  lizards,  was  named  I7 
Mr,  Eonig,  Ichl/tyosaurus ;  and  its  structure  and  OflD- 

^  Annalri  du  JAoAim  iTHtrt.  Aal.  tmn.  1.  p.  !o8.  MiiJ  Ibc  OOtwIH 
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•■'''iitioii  were  more  precisely  deter  mi  tied  by  Mr.  Cony- 
'i\-  in  1821,  wlien  he  bait  occaaion  to  comiiare  witli 
iinther  extinct  luiiinal  of  which  he  and  Mr.  de  la 
r  It  It;  hod  collected  the  remains.  Thia  ajiimal,  still 
more  nearly  approaching  the  lizard  tribe,  was  by  Mr. 
Conybearo  called  Platotaurug.^^  Of  each  of  these  two 
genera  several  species  were  afterwards  found. 

Before   thia  time,   the  differcncia  of  the  races  of 
Ultimata  and   plants  belonging  to  the  past  and  the 

iiresent  periods  of  the  earth's  histoiy,  had  become  a 
ending  subject  of  speculation  among  geological  iiatu- 
rsliats.  The  science  produced  by  this  Htudy  of  the 
natural  history  of  former  states  of  the  earth  has  been 
termed  Falteonlology;  and  there  is  no  branch  of  human 
knowledge  more  fitted  to  stir  men's  wonder,  or  to 
escite  them  to  the  widest  physiological  speculations. 
But  in  the  present  part  of  our  history  this  science 
requires  our  notice,  only  ito  far  as  it  aims  at  the 
re^ratiou  of  the  types  of  ancient  animals,  on  clear 
and  undoubted  principles  of  comparative  anatomy.  To 
show  how  extensive  and  how  conclusive  is  the  science 
when  thiis  directed,  we  need  only  refer  to  Cuvier's 
0»»emens  Foasiiea,^^  a  work  of  vast  labour  and  pro- 
found knowledge,  which  ha*  o]jened  wide  the  doors  of 
thia  part  of  geology.  I  do  not  here  attempt  even  to 
mention  the  labours  of  the  many  other  eminent  con- 
tribuloN  to  Palceontotogy;  as  Brocchi,  Des  Hayes, 
Sowerby,  Goldfuss,  Agassiz,  who  have  employed  them- 
aelves  on  animals,  and  Schlottheim,  Brongniart,  Hutton, 
Lindley,  on  plants. 

iand  Ed.]  [Among  the  many  valuable  contrihutiona 
'aliBontology  in  more  recent  times,  I  may  especially 
mention  Mr.  Owen's  lieporU  on  British  FoagU  lieplilcs, 
unBriiuh  Fofril  Mammalia,  and  on  Ikt  ExtiTKC  Animals 
of  AugtTulia,  with  descriptions  of  certain  Fossils  indi- 
cative of  large  Marsupial  Fachydermata :  and  M. 
Agaasiz's  Report  on  (Ac  Fossil  Fi^ea  of  the  Devonian 
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SydeM,  his  Synoptical  TabU  of  BrilUh  Foeril  FtM, 
and  bn  Beport  on  At  Fi^h/x  of  tiie  Lojulon  Via;/,  ill 
theoe  an  cvDiainol  in  the  volumes  produced  bjf  ik 
Bntiab  AMOciMioQ  from  1839  to  1845. 

A  new  Mid  mo«t  important  instrumeut  of  palacnU- 
bgical  inTesti^ion  Las  be«n  put  in  the  geologist'* bad 
bj  Fro€  Owen's  discovery,  tl^t  the  intf  iTial  stnutn 
of  teeth,  as  disclosed  by  the  microscope,  ig  a  ueau  uf 
determining  the  kind  of  the  animnl.  He  liaa  carrud 
into  ererr  part  of  the  animal  kingdom  an  examinttiMI 
fiMuided  upon  tJii«  discoverjr,  and  has  published  tk 
results  of  Uiis  in  his  Odanlography.  Aa  an  eiuunptetf 
the  applicalioa  of  this  character  of  animals,  I  mH  . 
mention  that  a  tooth  brooght  frum  Riga  by  Sir  t. 
Murchison  was  in  this  way  aacertained  by  Mr.  Owbi 
to  belong  to  a  tisb  of  the  genus  DeiuiroduA  (Ge^JoggBf 
Su*»ia,  L  67.)] 

When  it  had  thus  been  established,  tliat  the  atnta 
of  the  earth  are  characterized  by  inntunerable  reuiaiiv 
of  the  organized  beings  which  formerly  inhabited  it, 
and  that  Hiiatumical  and  physiological  oottEideratdou 
must  be  carefully  and  skilfully  applied  in  order  rightly 
to  interpret  tbese  characters,  the  geologist  and  die 
pttlwontologtst  obviously  had,  brought  before  tiuu, 
many  very  wide  and  striking  questions.  Of  these  ft 
may  give  some  insiancea;  but,  in  the  first  pIaoa,vB 
may  odd  a  few  words  concerning  those  eminent  philo- 
sophers to  whom  the  science  owed  the  basis  on  wluA 
succeeding  speculations  were  to  be  built. 

Seel.  5. — Inlet/eeliial  C/taracten  of  the  Founder»  ^ 
Stfiteiaatic  Detcripliv«  Geotofft/. 

It  would  be  id  accordanoe  with  the  course  we  have 
pursued  in  treating  of  other  subjects,  that  we  ahoold 
attempt  to  point  out,  in  the  founders  uf  the  ecienoe 
now  under  conKideration,  those  int«lIectuiU  qualiUe* 
and  habits  to  which  we  ascribe  their  success.  The  verj 
recent  diite  of  the  generalizations  of  geology,  which  hat 
hardly  allowed  us  time  to  diatinguish  the  calm  expre»- 
sion  of  the  opinion  of  the  wisest  judges,  might,  iu  this 
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insttince,  relieve  us  from  such  a  duty;  but  since  oiir 
plaa  appears  to  suggest  it,  we  will,  at  lea^t,  cndeAvour 
tc  mark  the  characters  of  the  founders  of  geology,  by  a 
few  of  their  promineDt  IJnea. 

Tb«  three  persons  who  must  be  looked  upon  aa  the 
main  authota  of  geological  clafsificatioii  are,  Werner, 
Smith,  and  Cuvier.  These  three  men  were  of  very  dif- 
ferent mental  constitution;  and  it  will,  jwrhaps,  not  be 
difficult  to  compare  them,  in  reference  to  those  qualities 
which  we  have  all  along  represeuted  as  the  main  features 
of  the  discoverer's  genius,  clearness  of  ideas,  the  pos- 
session of  numerous  facts,  and  the  power  of  bruigiug 
these  two  elements  into  contact. 

In  the  German,  considering  him  as  a  geologist,  the 
ideal  element  predomioated.  That  Werner's  powers  of 
external  ilLicrimin&tion  were  extremely  acute,  we  have 
seen  in  speaking  of  him  ob  a  mineralogist;  and  his 
talent  and  tendency  for  classifying  were,  iu  his  mine- 
ralogical  studies,  fully  fed  by  an  abundant  store  of 
observation ;  but  when  he  came  to  apply  this  metho- 
disiug  power  to  geology,  the  love  of  system,  so  fostered, 
appears  to  have  been  too  strong  for  the  collection  of 
facta  he  had  to  deal  with.  As  we  have  already  said,  be 
promulgated,  us  representing  the  world,  a  scheme  col' 
lected  from  a  province,  and  even  too  hastily  gathered 
from  that  narrow  field.  Yet  his  intense  spiiit  of 
method  in  some  measure  compensated  for  otlier  defi- 
denoies,  and  enabled  him  to  give  the  character  of  a 
science  to  what  had  been  before  a  collection  of  miscel- 
kneons  phenomena.  The  ardour  of  system-making 
produced  a  sort  of  fusion,  which,  however  supevficia), 
served  to  bind  together  the  mass  of  incoherent  aJid 
mixed  materials,  and  thus  to  form,  though  by  strange 
aiid  anomalous  means,  a  structui-e  of  no  small  strength 
and  durability,  like  the  auoient  vitrified  structures 
which  we  fiud  in  some  of  our  mountain  regions. 

Of  a  very  diU'erenttemperandchantcter  was  William 
Smith.  No  literary  cultivation  of  his  youth  awoke  iu 
him  the  speculative  love  of  symmetry  and  system ;  but 
a  angular  clearness  and  precision  of  the  classifying 
power,  which  he  possessed  as  a  native  talent,  was  oJUiv- 
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ciaed  and  developed  by  exactly  those  geologict]  bub 
nmoiig  which  his  philosophical  (ask  lay.  Some  <if  th 
advanoes  which  he  made,  had,  as  we  have  seen,  boen  rt 
least  entered  upon  by  others  who  preceded  him:  bul 
of  all  thiahe  wiiaigDorant;  and,  perha[>3,  went  on  mm 
steadily  and  eagerly  to  work  out  his  own  idew,  frm 
the  ]tei-M«iisiou  that  they  were  entirely  his  own.  At* 
later  period  of  his  life,  he  himself  published  on  bocoobI 
of  the  views  which  had  animated  him  in  kia  etiHa 
progress.  In  this  account^  he  dates  liis  attempt!  to 
discriminate  and  connect  strata  from  the  year  1750,  it 
which  time  he  was  twenty  yeara  old.  In  1791,  i» 
'  had  considered  how  he  could  best  represent  the  oriff 
of  superposition — continuity  of  course — and  genenl 
eastern  declination  of  the  strata.'  Soon  aft«r,  donbti 
which  had  arisen  were  removed  by  the  '  diacoveiT  of 
a  mode  of  identifying  the  strata  by  the  orgamied 
fossils  respectively  imbedded  therein.'  And  '  that 
stored  with  ideas,'  as  he  expresses  himself,  he  begM 
to  communicate  them  to  his  friends,  In  all  thi^  sv 
see  great  vividness  of  thought  and  activity  of  naai, 
unfolding  itself  exactly  in  proportion  to  tite  &A 
with  which  it  had  to  deal  We  are  reminded  of  llttt 
Cyclopean  arohitectui-e  in  which  each  stone^  as  it 
occurs,  is,  with  wonderful  ingenuity,  and  with  tht 
least  possible  alteration  of  its  form,  shaped  ao  as  to  fit 
its  place  in  a  solid  and  lasting  edifice. 

Llifiei'cnt  yet  again  wa»  the  character  (as  a  geolo^ul 
discoverer)  of  the  great  naturalist  of  the  beginniogof 
the  nineteenth  century.  In  that  part  of  his  laboim 
of  which  we  have  now  to  speak,  Cuvier's  dominAiit 
ideas  were  rather  physiological  than  geologicaL  lu 
his  views  of  past  physical  changes,  he  did  not  seek  to 
include  any  ranges  of  facts  which  lay  much  beyond 
the  narrow  field  of  the  Paris  basin.  But  bis  angadtj 
in  applying  his  own  great  principle  of  the  Conditicmi 
of  Existence,  gave  him  a  jieculiar  and  uDponlteled 
power  in  interpreting  the  most  imperfect  foaai)  reoordt 
of  extinct  anatomy.     In  the  constitution  of  his  mind, 
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nil  pliilosophical  eiidowm<ints  were  so  udmiFablj  deve- 
loped and  diBcipIined,  tliat  it  was  difiicult  to  saj, 
whether  more  of  liia  power  was  due  to  geuins  or  to 
culture.  The  talent  of  clnflsifying  which  he  exercised 
in  geology,  was  the  result  of  the  most  completu  know- 
ledge and  skill  in  zoology;  while  his  views  concerning 
the  revolutions  which  had  taken  place  in  the  orgasio 
and  inorganic  world,  were  in  no  small  degree  aided  by 
an  extraordinary  command  of  hist<)rical  and  other 
literature.  Hia  guiding  ideas  Lad  been  formed,  hi-s 
£u:te  had  been  studied,  by  the  assiatiince  of  all  the 
sciences  which  could  be  made  to  bear  \tj>oii  them.  In 
Lis  geolof^cal  labours  we  seem  to  see  some  beautiful 
temple,  not  only  fii'm  and  fair  in  itself,  but  decorated 
with  Bcnlpture  and  ^laintiug,  and  rich  in  all  that  art 
and  labour,  memory  and  imagination,  can  contribute 
to  ite  beanty. 

[and  Ed.J  [Sir  Charles  Lyell  (B.  t.  c.  iv.)  has  quoted 
with  approval  what  I  have  elsewhere  said,  that  the 
advancement  of  three  of  the  main  divbions  of  geology 
in  the  beginning  of  the  present  century  was  promoted 
principally  by  the  three  great  nations  of  Europe, — the 
German,  the  English,  and  the  French : — Mineralogical 
Geology  by  the  German  school  of  Werner; — Secondary 
Geology  by  Smith  and  his  English  successors; — Ter- 
tiary Geology  by  Cuvier  and  hJa  feltow-labourers  in 
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Sect.  I.— Reception  imd  DlfftisioH  o/Sj, 
Gvdogy. 

IF  our  nearneaB  to  the  time  of  the  diacoveries  to  whi 
we  have  just  referred,  embairasaes  ua  in  speaU 
of  their  authors,  it  makes  it  still  more  ditGciilt  to  taaxt. 
the  reception  with  which  these  discoveries  met  1 
here  we  ni&y  notice  a  few  facta  which  may  not  be  wi 
out  their  interest. 

The  impresxion  which  Werner  made  upon  hisIiMr 
was  very  strong ;  and,  us  we  have  already  said,  discif 
were  gathered  to  his  school  from  every  coimtij,  I 
then  went  forth  into  nil  parts  of  the  world,  animri 
by  the  viewB  which  they  had  caught  from  him.  ' 
may  say  of  him,  ua  has  been  so  wisely  said  of  a  phi 
Bopher  of  a  very  different  kind,' '  He  owed  his  influei 
to  various  causes;  at  the  head  of  which  may  be  plai 
that  genius  for  system,  which,  though  it  cramps  I 
growth  of  knowledge,  perhaps  finally  atones  for  tl 
mischief  by  the  zeal  and  activity  which  it  rouseeamt 
followers  and  opponents,  who  discover  truth  by  accide 
when  in  pursuit  of  weapons  for  their  warfare."  1 
list  of  Werner's  pupils  for  a  considerable  period 
eluded  most  of  the  principal  geologists  of  Europe; 
Freisleben,  Mohs,  Esmark,  d'Andrada,  Raumer,  Ed{ 
hart,  Charpentier,  BrocchL  Alexander  von  Hnmhc 
and  Leopold  von  Buch  went  forth  ^•ont  hia  school 
observe  America  and  Siberia,  the  isles  of  the  Atlan 
and  the  coast  of  Norwuy.  Professor  Jameson  ee 
blished  at  Edinburgh  a  Wernerian  Society;  and 
lecture-roora   became  a  second  center  of  Wemer 
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doctrines,  whence  proceeded  many  zealous  geological 
abeerveni;  among  theee  we  ta&y  mention  aa  one  of  the 
most  distingiiiahed,  M,  Ami  Bou^,  djough,  like  several 
sthera,  he  soon  cast  away  the  peculiar  opiniona  of  the 
Wemeriaa  schotil.  The  classifications  of  this  school 
were,  however,  diffused  over  the  civilized  world  with 
extraordinary  succ-ess;  and  were  looked  u[»on  with 
^r«at  re3[>ect,  till  the  atudy  of  organic  fossils  threw  them 
into  the  shade. 

Smith,  on  the  other  hand,  long  pursued  hie  own 
thoughts  without  aid  and  without  syoipathy.  About 
1799,  he  became  ucquainted  with  a  few  gent) emeu  (Dr. 
Anderson,  Mr.  Kichardflon,  Mr.  Townaend,  and  Mr. 
Davies,)  who  had  already  given  some  attention  to 
orgajiic  foasila,  and  who  were  astonished  to  find  his 
knowledge  so  much  more  exact  and  extensive  than 
their  own.  From  this  time  he  conceived  the  intention 
of  publishing  his  diacoveries;  but  the  wont  of  literary 
leisure  and  habits  long  prevented  him.  His  knowledge 
was  orally  communicated  without  reserve  to  many 
persons;  and  thus  gradually  and  insensibly  became 
purt  of  the  public  stock,  When  this  diffusion  of  his 
visws  had  goue  on  for  some  time,  his  friends  began  to 
complain  that  the  author  of  them  was  deprived  of  his 
well-merited  share  of  fame.  His  delay  in  publication 
nutde  it  difficult  to  remedy  this  wrong;  for  soon  after 
he  pnblished  his  Geological  Map  of  Gngland,  another 
appeared,  founded  ui>on  separate  observations;  and 
though,  perhaps,  not  quite  independent  of  his,  yet  in 
mABy  respects  much  more  detailed  and  correct,  Thus, 
though  his  general  Ideas  obtained  universal  currency, 
he  did  not  assume  his  due  prominence  as  a  geologist. 
In  1818,  a  generous  attempt  was  matle  to  direct  a 
proper  degi'ee  of  public  gratitude  to  him,  in  an  article 
in  the  Edinburgh  Review,  the  production  of  Dr.  Fitton, 
a  diatingtiLshed  English  geologist.  And  when  the 
eminent  philosopher,  Wolhuston,  had  bequeathed  to  the 
Geological  Society  of  London  a  fund  from  which  a  gold 
medal  was  to  be  awarded  to  geological  services,  the 
Grstof  such  medals  was,  in  1831, 'given  to  Mr.William 
Smith,  in  consideration  of  his  being  a  great  original 
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discoverer  in  EngUsh  geology ;  and  espedftlly  for  ik 
having  been  the  first  in  tliia  country  to  diacoTer 
to  teach  the  identification  of  strata,  and  to  detemiiM 
their  succession  by  mcnns  of  their  imbedded  fomik' 

Cuvier's  discoveriea,  on  the  other  hand,  both  baa 
the  high  philosophic  fame  of  their  author,  and  frm 
their  intrinsic  importance,  arrested  at  once  the  sBbb- 
tion  of  scientific  Europe;  and,  notwithstanding  the 
undoubted  priority  of  Smith's  labours,  for  a  long  time 
Tere  looked  upon  aa  the  starting-point  of  our  know- 
ledge of  organic  fussilsL  And,  in  reality,  utthnDcb 
Cuvier's  memoirs  derived  the  greatest  jmrt  of  their 
value  from  his  zoological  conclu^ons,  they  reflected 
haok  no  small  portion  of  interest  on  the  clatwdficatiaiM 
of  strata,  which  were  involved  in  his  inferences.  And 
the  views  which  he  presented  gave  to  geolo^  u 
attractive  and  striking  character,  and  a  connexion  wilk 
large  physiological  aa  well  as  physical  principtet^  wliid 
added  incomparably  to  its  dignity  and  charm. 

In  tracing  the  reception  and  diffusion  of  dootriiM 
such  as  tliose  of  Smith  and  Curier,  we  ought  not  tt 
omit  to  notice  more  especially  the  formation  and  hiitan 
of  the  Geological  Society  of  London,  just  nientio&e& 
It  was  establialied  in  1S07,  with  a  view  to  nmltjp^ 
and  record  observations,  and  patiently  to  await  US 
result  at  some  future  period;  tlmt  is,  its  foandeit 
resolved  to  apply  themselves  to  Descriptive  GeolojTi 
thinking  the  time  not  come  for  that  theoretical  geology 
which  had  then  long  fired  the  controversial  ardoar  of 
Neptunists  and  Flutonista.  The  first  volume  of  tJw 
Transactions  of  this  society  was  published  in  i8ti. 
The  greater  part  of  the  contents  of  this  volume'  savoor 
of  the  notions  of  the  Wernerian  school ;  and  there  Kt 
papers  on  some  of  the  districts  in  England  most  ricb 
in  fossils,  which,  Mr.  Conybeare  says,  well  exhibit  the 
low  state  of  secondary  geology  at  that  period.  Bnt  a 
piiper  by  Mr.  Parkinson  refers  to  the  discoveries  boti 
of  Smith  and  of  Cuvier;  and  in  the  next  volume, 
Mr,  Webster  gives  an  account  of  the  lale  of  Wj 
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following  tlie  aflrairable  model  of  Cuvier  and  Bron;i- 
niart'B  account  of  the  Paris  basin.  '  If  we  compare 
this  memoir  of  Mr.  Webster  with  the  preceding  one  of 
Dr.  Berger,  (abo  on  tha  Inle  of  Wight,)  they  at  once 
show  themselves  to  belong  to  two  very  distinct  eras  of 
science;  and  it  U  difficult  to  believe  that  the  interval 
which  elapsed  between  their  respective  publication  was 
only  three  or  four  yeara.'* 

Among  the  events  belonging  to  the  diffusion  of 
sound  geological  views  in  this  countiy,  we  may  notice 
the  publication  of  A  little  volume  entitled,  The  Oeology 
of  Bnglnnd  omd  Waits,  by  5Ir.  Conybeare  and  Blr. 
Phillips,  in  1831;  on  event  far  more  important  than, 
from  tlie  modest  form  and  character  of  the  work,  it 
might  at  first  sight  appear.  By  describing  in  detail 
the  geological  structure  and  circumstances  of  one  part 
of  England,  (at  least  as  far  downwards  as  the  coal,)  it 
enabled  a  very  wide  class  of  readers  to  understand  and 
verify  the  claasificationH  which  geology  had  then  very 
recently  established;  while  the  extensive  knowledge 
and  philosophical  sjiirit  of  Mr.  Conybeare  rendered  it. 
under  the  guise  of  a  topographical  ennmeration,  in 
reality  a  profound  and  instructive  scientific  treatise. 
The  vast  impulse  which  it  gave  to  the  study  of  sound 
descriptlTe  geology  was  felt  and  acknowledged  in  other 
countries,  as  well  oa  in  Britain. 

Since  that  period,  Descriptive  Geology  in  England 
has  constantly  advanced.  Tlie  advance  has  been  due 
mainly  to  the  labours  of  the  members  of  the  Geological 
Society;  on  whose  merits  m  cultivators  of  their  science, 
noue  but  those  who  are  themselves  masters  of  the 
subject,  have  a  right  to  dwell.  Yet  some  parts  of  the 
scientific  character  of  these  men  may  be  appreciated  by 
the  general  speculator;  for  they  have  shown  that 
there  are  no  talents  aud  no  endowments  which  may 
not  find  their  fitting  employment  in  this  scienoe. 
Besides  that  they  have  united  laborious  research  and 
comprehensive  views,  ocutencHS  and  learning,  zeal  and 
knowledge;  the   philosophical   eloquence  witL   which 
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they  hftve  conducted  their  discuasions  has  liad  ft 
benefioial  influence  on  the  tone  of  their  specuUriotLt;  1 
and  their  researches  in  the  field,  which  hare  « 
them  into  every  country  and  every  cIb^b  -if  sooetji, 
hnve  given  them  that  prompt  and  liberal  spint,  sm 
that  open  and  cordial  bearing,  which  results  fpm 
intercourse  with  the  world  on  a  large  and  unfettend 
Hcule,  It  is  not  too  mucb  to  say,  that  in  our  tioM 
Practical  Goolo»y  has  been  ono  of  the  best  sc^ooU  vt 
philosophical  and  general  culture  of  mind. 

Seel.  2.^A}rpiientimi  of  Syttmnatie  Groloffy. 
QetAogieal  Surveyg  and  Maps. 

Such  suryeys  aa  that  which  Conybeare  and  Pbi]]i[i^i 
book  presented  with  respect  to  England,  were  nottn^ 
a  means  of  disseminating  the  knowledge  im.plied  in 
the  classifications  of  such  a  work,  but  they  were  oIh 
an  essential  part  of  the  Application  and  Elxtansioii  it 
theprinciplesestablishedby  the  founders  of  Systanttk 
Geology.  As  soon  as  the  truth  of  such  a  qnrtem  wm 
generally  acknowledged,  the  persuasion  of  the  propne^ 
of  geological  surreys  and  maps  of  each  country  oonU 
not  but  impress  itself  on  men's  minds. 

When  the  earlier  writers,  as  Lister  and  Fontenelk^ 
spoke  of  mineraJogical  and  fossilological  Eaaps^  thef 
could  hardly  be  said  to  know  the  meaning  of  (Iw 
terms  which  they  thus  used.  But  when  subwqmt 
classifications  had  shown  how  such  a  suggestion  mi^t 
be  carried  into  effect,  and  to  what  important  mae- 
quences  it  might  lead,  the  task  was  undertaken  b 
various  countries  in  a  vigorous  and  conitiatent  manner. 
In  England,  besides  Smith's  map,  another,  drawn  np 
by  Mr.  Greenough,  was  published  by  the  Geological 
Society  in  1819;  and, being  founded  on  very  numerooi 
observations  of  the  author  and  his  Mends,  made  with 
great  labour  and  coat,  was  not  only  an  important  cor- 
rection and  confirmation  of  Smith's  laboui-s,  but  a 
valuable  storehouse  and  standard  of  what  had  then 
been  done  in  English  geology.  Leopold  von  Buch  bad 
constructed  a  geological   map  of  a  large  portion  of 
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Oermany,  about  the  Bame  period;  but,  aware  of  the 
difficulty  of  the  task  he  hud  thus  attempted,  he  still 
forbore  to  publish  it.  At  a  later  [>eriod,  and  as  materials 
accumulated,  more  tletailed  maps  of  parts  of  Germany 
were  produced  by  HoShiann  and  others.  The  French 
government  entnixted  to  a  distinguished  Profeasor  of 
the  School  of  Mines,  (M.  Brochant  de  Tiliiers.)  the 
bdik  of  constructing  a  map  of  France  on  the  model  of 
Mr.  Greenough'a;  associating  with  him  two  younger 
persons,  selected  for  their  energy  and  talents,  MM,  ds 
Beaumont  and  Dufr^noy.  We  shall  have  occasion 
hereafter  to  speak  of  the  execution  of  this  survey. 
By  variouH  persons,  geological  maps  of  almost  every 
country  and  province  of  Enropo,  and  of  many  f>art8  of 
Asia  and  America,  have  been  published.  I  need  not 
enumerate  these,  but  i  may  refer  to  the  account  given 
of  them  by  Mr.  Conybeare,  in  the  Reports  o/tke  Britigh 
Amociation  /or  1832,  p.  384.  These  various  esaays 
may  be  considered  as  ooatributtcins,  though  hitherto 
undoubtedly  very  imperfect  ones,  to  that  at  which 
Deacriptivc  Geology  o\ight  to  aim,  and  which  is  requi- 
site as  a  foundation  tor  sound  theory;- — a  complete 
geological  survey  of  the  whole  eartL  But  we  must 
say  a  few  words  respecting  the  language  in  which  auuh 
a  survey  must  be  written. 

As  we  have  already  said,  that  condition  which 
made  such  maps  and  the  accompanying  descriptions 
possible,  was  that  the  strata  and  their  contents  had 
previously  undergone  classification  and  arrangement  at 
the  hands  of  the  fathers  of  geology.  Classiji cation,  in 
this  as  in  other  casea,  iniplie^l  names  which  should 
^ve  to  the  classes  diatinctness  and  permanence ;  and 
when  the  series  of  strata  belonging  to  one  country 
were  referred  to  in  the  description  of  another,  in  which 
they  ap))eared,  as  was  usually  the  case,  under  an  aspect 
at  least  somewhat  different,  the  supposed  identification 
i-equired  a  peculiar  study  of  each  case;  and  thus  Geology 
had  arrived  at  the  point,  which  we  have  before  had  to 
notice  as  one  of  the  stages  of  the  progress  of  Claaaifico- 
tory  Botany,  at  which  a  technical  nomenclature  and  a, 
Tell-underatood  gffnonymy  were  eaeentiel  ^t\a  cA  ft» 
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Bt  Nomendnture  we  mean  a  »ystem  of  name*;  : 
hence  wo  cannot  speak  of  a  Geotogic&l  Koiiienclatnn 
till  we  come  to  Werner  and  Smith.    The  earUer  mil 
ralogista    hud   employed    names,    often    artiiicial  ■ 
arbitrary,  for  special  minerals,  but  no  tcrJinical  « 
conatanl  names  for  strata.     The  elements  of  Wema'* 
names  for  the  members  of  his  geological   series  w 
words   in  use  among  miners,  as  Gneiss,    Graitwotit 
Thiaasehie/er,  Rothe  todle  liegeTxle,  Zeehntein  ;  or  arbi- 
trary names  of  the   mineralogists,  as    Byeiiit«,  8e^ 
pontine,  Porphyry,  Granite.     But  the  more  techniol 
part  of  his  phraseology  was  taken  from  that  whioli  i» 
the  worst  kind  of  name,  arbitraiy  numeratioii.     Tbxa 
he  had  his^r«t  sandstone  formation,  aeconil  saxaAabna, 
third  sandstone ;  first  flotz  limestone,  second  flotn  limt- 
Rtone,  third  fiotz  limeittone.     Such  names  aj^  beyond 
all  otheiB,  liable  to  mistake  in  their  application,  vA 
likely  to  be  expelled  by  the  progreaa  of  knowledgiii 
and  accordingly,  though  the  Wemeriaa  names  for  nwb 
mineralogically  diRtinguished,  have  still  soraecunent^, 
his  saudstonua  and  limestones,  after  creating  enillns 
confusion  while  his  authority  had  any  sway,  hare  utterly 
disappeared  from  good  geological  works. 

The  nomenclature  of  Smith  was  founded  upon  Eng- 
lish provincial  terms  of  very  barbarous  aapeel,  m 
Cornbra^h,  Liiu,  GauU,  Cluttch  Clay,  Coral  Rag.  Tel 
these  terms  were  widely  diffused  when  bis  classifiaaliaii 
was  generally  accepted ;  they  kept  their  place,  preeiaciy 
because  they  had  no  systematic  stgnificatiun ;  aiid  mosj 
of  them  are  at  present  part  of  the  geological  langmgt 
of  the  whole  civilized  world. 

Another  kind  of  names  which  liaa  been  vety  pre- 
valent among  geologists  are  those  borrowed  from  plaoa. 
Thus  the  Werneriaus  spoke  of  Alpine  Limestone  ud 
Ztira.  Limestone ;  the  English,  of  Kirameridge  Clay  sod 
Oxford  Clay,  Purbeck  Marble,  and  Portland  Bock. 
These  names,  referring  to  the  stratum  of  a  known 
locality  as  a  type,  were  good,  as  far  as  an  identity  with 
that  type  had  beaa  tvac^d-,  Wt  wten  thia  had  bwn 
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nnpletely  done,  they  were  liable  to  great  ambiguity, 
he  Al{)!i  or  the  Jura  contain  seyeral  formations  of 
eetooe,  such  terms  as  we  have  noticed,  borrowed 
□  those  mount^iiB,  ceue  to  be  necessarily  definite, 

may  give  rise  to  much  confusion. 
)eHcripti»'e  names,  although  they  might  be  supposed 
be  the  best,  have,  in  fact,  rarely  been  fortunate. 
;  reason  of  this  ia  obvioua; — the  mark  which  haa 
a  selected  for  deacriptlon  may  easily  fail  to  be 
aitial ;  and  the  obvious  connexionH  of  natural  facts 
f  overleap  the  arbitrary  definition.  As  we  have 
iftdy  rtated  in  the  history  of  botany,  the  eatabliah* 
it  of  deacriptive  marks  of  real  classes  presuppoacfl 

important  but  difficult  step,  of  the  discovery  of 
h  marks.  Hence  those  deacrijitire  names  only  have 
n  really  useful  in  geology  which  have  been  used 
dout  any  scrupulous  regard  to  the  appropriateness 
the  description.  The  Oreen  Sand  may  be  white, 
wn,  or  red;  the  Mountain  Lii>ie«lone  may  occur 
f  in  valleys;  the  OoHu  may  have  no  roe-like  struc- 
i;  and  yet  these  may  be  excellent  geological  names, 
hey  be  applied  to  formations  geologically  identical 
h  thoee  which  the  phrases  originally  designated.  The 
lification  may  assist  the  memory,  but  must  not  be 
iwed  to  subjugate  the  faculty  of  natural  classification. 
The  terms  which  have  been  formed  by  geologists  in 
ant  times  have  been  drawn  from  sources  similar  to 
se  of  the  older  ones,  and  will  have  their  fortune 
ermined  by  the  same  conditions.     Thus  Mr.  Lyell 

given  to  the  divisions  of  the  tertiary  strata  the 
lellations  Pleiofmne,  Meioeene,  Eoixa»,  accordingly  as 
Y  contain  a  Tnajority  of  recent  species  of  shells,  a 
lonly  of  such  speciea,  or  a  small  proportion  of  living 
cies,  which  may  be  looked  upon  as  indicating  the 
tm  of  the  existing  stale  of  the  animate  creation. 
t  in  this  case,  he  wisely  treats  his  distiiictions,  not 
definitions,  but  as  the  marks  of  natural  groupa. 
w-plurality  of  species  indicated  by  the  name  pUio- 
umst  not,'  he  says,*  '  be  understood  to  imply  as 
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abaoluto  majority  of  recent  fossil  sholls  in  &1I  caw^lM 
A  comi»rati\'e  preponilerajice  wliorever  the  pleiooM 
are  contrasted  with  strata  of  the  period  immediate 
preceding.' 

Mr.  Lyell  might  have  added,  that  no  precise  p»- 
centage  of  recent  species,  nor  any  numericail  criterini 
whatever,  can  be  allowed  to  overbear  the  closer  natucd 
relations  of  strata,  proved  by  evidence  of  a  supericr 
kind,  if  such  can  be  found.  And  this  would  be  tli« 
proper  aiiswer  to  the  objection  made  by  Mr.  De  It 
Beche  to  tbese  names;  namely,  that  it  may  lutppm 
that  the  jueiocerae  rocks  of  one  country  may  be  of  the 
same  date  OS  the  ji^eionne  of  another;  the  same  fona^ 
tion  having  in  one  place  a  majority,  in  another,  I 
minority  of  existing  species.  We  ore  not  to  run  into 
this  incongruity,  for  we  are  not  so  to  apply  the  niuDW 
The  formation  which  has  been  called  pleiocene,  mnit 
continue  to  be  so  called,  even  where  the  majority  of 
recent  species  fails;  and  all  rocks  that  agree  with  tlut 
in  date,  without  further  reference  to  the  numerial 
relations  of  their  fossils,  must  also  share  in  the  name. 

To  invent  good  names  fur  those  large  diviaiou  of 
the  series  of  strata  is  indeed  extremely  difficult  Tie 
term  Oolite  is  an  instance  in  which  a  descriptive  wotil 
hBA  l>ecome  permanent  in  a  cose  of  this  kind;  and,  in 
imitation  of  it,  J'acilite  (from  woiaXac,  yariona.)  hit 
been  proposed  by  Mr.  Couybeare*  as  a  name  for  lli« 
group  of  strata  inferior  to  the  oolites,  of  whiob  tb« 
Variegated  Sandstone  (Bunter  Sandstein,  Grfe  Bigwif,) 
is  a  conspicuous  member.  For  the  series  of  formatioDt 
which  lies  immediately  over  the  rocks  iii  which  ns 
organic  remains  are  found,  the  term  TratuiiuM  -nt 
long  used,  but  with  extreme  ambiguity  and  vaguouB 
When  this  series,  or  rather  the  upper  part  of  it,  ra 
well  examined  in  South  Wales,  where  it  consists  nf 
many  well-marked  members,  and  may  be  probably 
taken  as  a  tyi>e  for  a  large  portion  of  the  rest  of  the 
world,  it  became  neceaaaiy  to  give  to  the  group  thui 
explored  a  name  not  necessarily  leading  to  assumption 
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lontroversy.  Mr.  Murchison  selected  the  term 
riati,  borrowed  from  the  former  iuhabitants  of  the 
itry  in  whioL  his  tjpes  were  found;  and  this  is  a 
1  excellent  in  many  respects;  but  one  which  will 
«b!y  not  quite  superBe<le  '  Tranaitioii,'  hecuufle,  in 
r  places,  transition  rocka  occur  which  con-espond 
one  of  the  members  of  the  Silurian  region. 
hough  new  luimes  are  inevitable  accompanimeiita 
ew  views  of  cla-uiticatiou,  and  though,  therefore, 
geological  diA!oyerer  must  be  allowed  a  right  to 

tbem,  this  is  a  privilege  which,  for  the  aake  of 
owQ  credit,  and  the  circulation  of  his  tokens,  he 
t  exercise  with  great  temperance  and  jiidgraent. 
Bronguiart  may  be  taken  as  au  example  of  the 
ect  of  this  caution.  Acting  upon  the  principle,  in 
f  a  sound  one,  that  inconveniences  arise  from 
agicAl  terms  which  have  a  mineralogicnl  signihca- 
,  he  has  given  au  entirely  new  list  of  names  of  the 
ibera  of  the  geological  series.  Thus  the  primitive 
ratified  rocks  are  terraina  agaiygiejis;  the  tranai- 

semi-compoct  are  ImmUysiens ;  the  sediraentary 
ba  are  yzemiena;  the  diluvial  deposits  are  dy»' 
ta;  and  these  divisious  are  subdivided  by  design&- 
B  equally  novel ;  thus  of  the  '  lemina  yzeinieOB,' 
iliera  are — the  terrains  elastiqiu»,  Iritoiiiens,  pro- 
let,  paheotherient,  ejAlifmnique*,  tlmlagttiqttea.^  Such 
imeQclature  appears  to  labour  under  great  incon- 
encea,  since  the  terms  are  descriptive  in  their 
vation  yet  are  not  generally  intelligible,  and  refer 
tieoretioil  views  yet  have  not  the  recommendation 

tematic  ci 
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—Geological  Synonymy,   or   Determination  of 
Geological  MipdvalenU. 

rill  easily  be  supposed  that  with  so  many  different 
ces  of  names  as  we  have  mentioned,  the  same 
turn  may  be  called  by  different  designations;  and 
!  a  synonymy  may  be  necessary  for  geologyj  as  it 
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was  for  botany  in  the  time  of  BatUiiu,  when  the  mm 
plautt)  had  tH«n  Gpoken  of  by  so  many  diS«reat  a[^lW 
tions  in  difTi^rent  authors.  But  in  retility,  the  ^iM- 
nymy  of  geology  is  a  still  mens  important  part  of  tbe 
subject  than  the  analogy  of  liotaiiy  would  lead  OBle 
suppose.  For  in  plants,  the  species  are  really  fisi^ 
and  easily  ktiown  when  seen;  and  the  ambignity  ii 
only  in  the  imperfect  conimunication  or  confosed  idm 
of  the  observers.  But  in  geology,  the  identity  of  * 
stratum  or  formation  in  different  places,  though  nd 
an  arbitrary,  may  be  a  very  doubtful  matter,  «rai  U 
him  who  has  seen  and  examined.  To  assign  its  righl 
character  and  place  to  a  stratum  in  a  new  country,  ifc 
in  a  great  degree,  to  establish  the  whole  geologiott 
history  of  the  country.  To  assume  that  the  mm 
names  may  rightly  be  applied  to  the  strata  of  dt^rat 
countries,  is  to  t^e  for  granted,  not  indeed  the  Wer- 
nerian  dogma  of  universal  formations,  but  a  consider 
able  degree  of  generality  and  uniformity  iu  the  known 
formations  And  how  iar  this  generality  and  uni- 
formity prevail,  observation  alone  can  t«ach.  The 
search  for  geological  synonyms  in  different  countrir* 
brings  before  us  two  questions; — first,  are  there  «idi 
Bjrnonyms  1  and  only  in  the  second  place,  and  aa  fkr  u 
they  occur,  what  are  they  ? 

In  fact,  it  is  found  that  although  formations  which 
must  be  considered  as  geologically  identical  (becaiuc 
otherwise  no  classification  is  poseible,)  do  extend  ovet 
large  regions,  and  pass  from  country  to  country,  Uttir 
identity  includes  certain  modifications;  and  the  det«> 
mination  of  the  identity  and  of  the  modifications  an 
inseparably  involved  with  each  other,  and  almost  necci- 
sarily  entangled  with  theoretical  considerations.  And 
in  two  countries,  in  wliich  we  find  this  modified  coind- 
denoe,  instead  of  saying  that  the  strata  are  identictl, 
and  that  their  designations  are  ^nonyms,  we  ma]', 
with  more  propriety,  consider  them  as  two  correepoDil- 
ing  Kerica;  of  whidi  the  members  of  the  one  may  be 
ti'eated  as  the  XrpregerUalives  or  EquivaienU  of  tb* 
memljers  of  the  other. 

This   dooUiiiQ  Qt  B.e:^:n««o.^»^viw  cvc   EqjiiTalentt 
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nupposee  tfaat  the  geological  phenomena  in  the  two 
couutrie^  have  been  the  results  of  siniiLir  series  of 
erciits,  which  have,  in  some  meaaure,  CoinciJed  la  tima 
and  order;  and  thus,  as  we  have  Bsid,  refurs  us  to  a 
theory.  But  yet,  coosidored  merely  an  a.  step  ia  clastd- 
ficatioa,  the  comparison  of  the  geological  aeries  of  strata 
in  difierent  couutrie»  is,  in  the  lugheat  degree,  important 
and  interesting.  Indeed,  in  the  «ame  manner  in  which 
the  aepamtiou  of  Claaxificatory  from  Chemical  Mine- 
ral*^ is  necesaary  for  the  completion  of  mineratogical 
tcieace,  the  comparative  Clas^ficatioa  of  the  strata  of 
different  countries  according  to  their  resemblaucoa  and 
differenced  alone,  it*  requisite  as  a  basis  for  a  Theoiry  of 
tittar  causea  But,  as  will  easily  be  imagined  from  ita 
natnra,  this  part  of  descriptive  geology  deals  with  the 
moat  difficult  and  the  most  elevated  problems;  and 
requires  a  rare  union  of  laboi-ioua  obaervation  with  a 
comprehensive  spirit  of  philosophical  classification. 

In  order  to  give  instances  of  this  process  (for  of  the 
vast  labour  and  great  talent^j  which  have  been  thus 
employed  in  England,  France,  and  Germany,  it  is  only 
instancee  tliat  we  can  give,)  I  may  refer  to  the  geolo- 
gical survey  of  France,  which  was  executed,  as  we  have 
already  stated,  by  order  of  the  government.  In  this 
undertaking  it  was  intended  to  obtain  a  knowledge  of 
the  whole  mineral  structure  of  France;  but  no  small 
portion  of  this  knowledge  was  brought  into  view,  when 
a  synonymy  had  been  established  between  the  Secondary 
Rocka  of  France  aud  the  corresponding  members  of  the 
English  and  German  series,  which  had  been  ho  well 
studied  as  to  have  become  classical  points  of  standard 
reference.  For  the  purpose  of  doing  this,  the  principal 
directors  of  the  survey,  MM.  Erochant  de  Villiora,  De 
Beaumont,  and  Dufrdnoy,  came  to  England  in  i839, 
and  following  the  at^pa  of  the  best  English  geologists, 
in  a  few  months  made  themselves  acquainted  with  the 
English  series.  They  then  returned  to  France,  and, 
starting  from  the  chalk  of  Paris  in  various  directions, 
travelled  on  the  lines  which  carried  them  over  the 
e<lges  of  the  strata  which  emerge  from  beneatii  the 
chalk,  identifying,  as  they  could,  the  strata  with  their 
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foreign  annloguea.  Tliey  thua  recognlxed  almost  all  i' 
the  priiici|jal  beds  of  the  oolitic  series  of  Engtwii' 
At  the  same  time  they  found  different'es  as  wdl  a 
resembhiaccs.  Thus  the  Portlaod  and  Kimmenilp 
tieds  of  France  were  found  to  contain  in  abutidiM* 
a  certain  shell,  tlie  gri/jAaa  viripda,  wliieh  hid  not 
before  been  much  remarked  in  those  beds  ia  Kng^iuvti 
"With  regard  to  tlie  ayuonyin«  in  Germany,  on  tbt 
other  hand,  a  difierence  of  opinion  arose  betven 
M.  Elie  de  Beaumont  and  M.  Voltz,^  tfae  former 
sidering  ibe  Grt*  de  Voiigaf  as  the  equivalent  of  li« 
Rothe  todte  lUgende,  which  occurs  beneath  the  Zedi- 
Bteiu,  while  M.  Voltz  held  that  it  was  the  lower  portkn 
of  the  Red  or  Variegated  Sandtlone  which  rests  m  tb 
Zechstein. 

In  the  same  manner,  from  the  first  promulgation  of 
the  Werncrian  flystcin,  attempts  were  made  to  identih 
the  Knglish  with  the  German  members  of  the  geologinl 
alphaliet;  but  it  was  long  before  thU  alphabet 
rightly  i-ead.  Thus  the  English  geologists  who  Ura 
tried  to  apply  the  Werneriati  series  to  ttiia  counirr, 
conceived  the  Old  and  New  Bed  Saudstone  of  Englind 
to  be  the  same  with  the  Old  and  New  Red  SandeWoe 
of  Werner ;  whereas  Werner's  Old  Red,  the  Rothe  twite 
liegende,  is  aliove  the  coal,  while  the  English  Old  Bed 
is  below  it  This  mistake  led  to  a  further  erronSMit 
identification  of  our  Mountain  Limestone  with  Wemer't 
Firet  Fliitz  Limestone;  and  caused  an  almost  iaia- 
tricable  confusion,  which,  even  at  a  recent  period,  bu 
perplexed  the  views  of  German  geologists  respectinj 
this  country.  Again,  the  Lias  of  England  was,  at  fint, 
supposed  to  be  the  equivalent  of  the  Muschelkalk  of 
Germany.  But  the  errour  of  this  identification  wis 
brought  into  view  by  examinations  and  dlscasBioiu  in 
which  MM.  tEyenhftusen  and  Dechen  took  the  lesd; 
and  at  alaterpeiiud,  Professor  Sedgwick,  by  a  laboriDta 
of  the  strata  of  England,  was  enabled  b) 
r  the  true  relation  of  this  part  of  the  geolfigj'of 
two  countries.     According  to  him,  the  Nai    "  ' 
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latone  of  England,  considered  as  one  grent  complux 
fcrmation,  may  be  divided  into  Beven  members,  com- 
posed of  sandstonea,  limestones,  and  marls;  five  of 
■which  represent  respectively  the  Roth«  lodle  liegendr.; 
the  fCup/ir  imim/er;  the  Zedittein,  (with  the  RaitcJi- 
icacke,  Aiiehe,  and  Stinicslein  of  the  Thuringenwald;) 
the  Biitiier  gatulttein;  and  the  Keuper:  while  the 
M  usrJteikaUe,  which  lies  between  the  two  last  members 
of  the  German  list,  has  not  yet  been  discovered  in  our 
geological  sei'iea.  '  Snch  a  coincidence,'  he  observes,* 
*  in  the  8ubdivi»ions  of  two  distant  mechanical  deposits, 
even  upiin  the  Kupposition  of  their  being  strictly  con- 
tempoiuucoiKi,  is  b^ly  astonishing.  It  has  not  bofn 
assiunHi  hypotbetically,  but  is  the  fair  result  of  the 
facts  which  are  recorded  in  this  paper,' 

As  an  example  in  which  the  study  of  goolngictil 
equivalents  becomes  fltill  more  difficult,  wo  may  notice 
the  attempts  to  refer  the  strata  of  the  Aljis  to  those  of 
the  north-west  of  Europe.  The  dark-coloured  marbles 
and  schistA  resembling  mica  slate'"  were,  during  the 
prevalence  of  the  Wernerian  theory,  referred,  as  wao 
natural,  to  the  transition  class.  The  striking  physical 
characteraof  this  mountain  region,  and  its  long-standing 
celebrity  as  a  subject  of  minemlogical  examination, 
made  a  complete  subversion  of  the  received  opinion 
respecting  its  place  in  the  geological  series,  an  event  of 
great  importance  in  the  history  of  the  science.  Yet  this 
was  what  occurred  when  Dr.  Buck  I  and,  in  1820,  threw 
bis  piercing  glance  upon  this  district.  He  immedi- 
ately pointed  out  that  these  masses,  by  their  fossils, 
approach  to  the  Oolitic  Series  of  this  country.  From 
this  view  it  followed,  that  the  geological  equivalents  of 
that  series  were  to  be  found  among  rocks  in  which  the 
minemlogical  characters  were  altogether  dilterent,  and 
that  the  loose  limestones  of  England  represent  some  of 
the  highly-compact  and  crystalline  marbles  of  Italy  and 
Greece,  This  view  was  confirmed  by  subsequent  in- 
vestigations; and  the  coiTpJiiKin deuce  was  traced,  not 
only  in  the  general  body  of  the  formations,  but  in  the 
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occurrence  of  the  Rad  Marl  at  its  bottom,  and  lit 
Green  Sand  and  Chalk  at  ibi  top. 

The  talents  and  the  knowledge  which  such  UAi 
require  ore  of  no  ordinary  kind;  nor,  even  with  ico» 
Bummate  acquaintance  with  the  well-ascertained  bt^ 
mations,  can  the  place  of  prolilematical  strata  be  demU 
without  immense  labour.  Thus  the  exanunatios  W 
delineation  of  hundreds  of  sheila  by  the  most  skilfii 
Gonchologists,  has  been  thought  necessary  in  oidei  h 
determine  whether  the  calcareous  beds  of  Maeetridi 
and  of  Goaau  are  or  are  not  intermediate,  as  to  tba 
organic  contents,  between  the  chalk  and  the  tertiar 
formatiouB.  And  scarcely  any  point  of  geologki 
clasailication  can  be  settled  without  a  similar  onioii  ( 
the  accomplished  natui'alist  with  the  laborious  gedt 
gical  collector. 

It  follows  from  the  views  already  presented,  of  tU 
part  of  geology,  that  no  attempt  to  apply  to  diitui 
countries  the  names  by  which  the  well-known  Europesi 
flti-ata  have  been  described,  can  be  of  any  value,  if  no 
accompanied  by  a  corresponding  attempt  to  show  boi 
&r  the  European  aeries  is  really  applicable.  Thianms 
be  borne  in  mind  in  estimating  the  import  of  the  geo 
logical  accounts  which  have  been  given  of  various  part 
of  Asia,  Africa,  and  America.  For  instance,  when  ^ 
carboniferous  group  and  the  new  red  sandstone  ar 
stated  to  be  found  in  India,  we  require  to  be  osont 
that  these  formations  arc,  in  some  way,  the  eqiiin 
lents  of  their  syuonyma  in  countries  better  explorod 
Till  this  is  done,  the  results  of  observation  in  mti 
places  would  he  better  conveyed  by  a  nomenclatun 
implying  only  those  facta  of  resemblance,  differenic 
and  order,  which  have  been  ascertained  in  the  couuti^ 
8o  described.  We  know  that  serious  errouni  wen 
iucuri'ed  by  the  attempts  made  to  identify  the  Tertjai] 
strata  of  other  countries  with  those  first  studied  in  th 
Paris  haain.  Fancied  points  of  resemblance,  Mr.  L;«li 
observes,  were  maguiGed  into  undue  importance,  ani 
essential  differences  in  mineral  character  and  oiguiii 
contents  were  eliirred  over. 

[and  Ed.]    [The  extension  of  geological  surreys,  tiii 
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construction  of  geological  maps,  and  the  detcrmiaation 
of  the  geological  equivalentd  which  replace  each  other 
ia  various  oountriea,  have  been  carried  on  in  con- 
tinuation of  the  labours  mentioned  above,  with  en- 
larged activity,  range,  and  means.  It  is  estimated 
that  one-third  of  the  land  of  each  bembphero  has  been 
geologioillj  explored ;  and  that  thus  Descriptive  Geo- 
logy baa  now  been  prosecuted  so  for,  that  it  is  not 
likely  that  even  the  extension  of  it  to  the  whole  globe 
would  give  any  material  novelty  of  aspect  to  Theo- 
retical Geology.  The  recent  literature  of  the  subject 
is  so  voluminous  that  it  is  impossible  for  nie  to  give 
any  account  of  it  here ;  very  imperfectly  acquainted,  as 
I  ant,  even  with  the  £iigliiih  [wrtion,  and  still  more, 
with  what  has  been  produced  in  other  countries. 

While  I  admire  the  energetic  and  enlightened  labours 
by  which  the  philosophei-a  of  France,  Belgium,  Ger- 
many, Italy,  Russia,  and  America,  have  promoted 
scientific  geology,  J  may  be  allowed  to  rejoice  to  see  in 
the  very  phraseology  of  the  subject,  the  evidence  that 
English  geologists  have  not  ikiled  to  contribute  their 
share  to  the  latest  advances  in  the  science.  The  fol- 
lowing order  of  strata  proceeding  upwards  is  now,  I 
think,  recognized  throughout  Europe.  The  Silurian; 
the  /JetKMiiaii,  (Old  Red  Sandstone ;)  the  Cetrboni/erout ; 
the  Permian,  (Lower  part  of  the  new  Red  Sandstone 
series;)  the  Triat,  (Upper  three  members  of  the  New 
Red  Sandstone  series;)  the Liaa;  theOolUe,  (in  which 
are  reckoned  by  &L  D'Orbigny  the  Etoges  BatAonien, 
Oximitn,  Kimnteridgleii,  and  PorUandien  ;)  the  Ifeoco- 
mUn,  (Lower  Green  Sand,)  the  Chalk ;  and  above  these, 
Tei-tiary  and  Supra- Tertiary  beds.  Of  these,  the  Silu- 
rian, described  by  Sir  K.  Murchison  from  its  types  in 
South  Wales,  has  been  traced  by  European  Geologista 
through  the  Ardennes,  Servia,  Turkey,  the  shores  of 
the  gulf  of  Finland,  the  valley  of  the  Mississippi,  the 
west  coast  of  North  America,  and  the  mountaios  of 
South  America.  Again,  the  labours  of  Prof  Sedgwick 
and  Sir  R.  Murchison,  in  1836,  7,  and  8,  aided  by  the 
sagacity  of  Mr.  Lonsdale,  led  to  tlieir  placing  certain 
rocka  of  Devon  and  Cornwall  as  a  formation  interme- 
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diat«  between  the  Silurifta  And  Carboniferous  Seii 
the  Devonian  Syttem  thiia  establislif^d  bus  b 
!pl«d  by  geologists  in  general,  and  has  been  ti 
not  only  in  various  parts  of  Europe,  but  in  Aug 
*nd  Tttsmania,  and  in  the  neighbourhood  of  the  A 
ghftnieA, 

Above  the  Carboniferous  Series,  Sir  R.  Mnrclni 
Mid  his  fellov- labourers,  M.  de  Yertieitll  and  ( 
Ee}rserliiig,   have    found   in   Russia  a  well-dovel  __ 
•erics  of  rocks   occupying   the  ancient    kingdom  i 
Fannia,  which  they  have  hence  called  the  Ptmaia 
/brtnalion;    and   this  term  aJao  has   found    genenl  I 
Mwptauce  The  next  group,  the  Keuper,  Musc:heUnlk, 
aad  Banter  Sandstein  of  Germany,  has  been  tenu«il 
Trio*  by  the  continental  geologists.    The  Neocoimen  ia 
BO  called  from  Neuchatel,  where  it  ia  largely  developed   I 
Below  all  these  rocks  come,  in  England,  the  Camlman.    I 
on  which  Prof  Sedgwick  hns  expended  so  many  yei 
of  valuable  labonr.     The  com|>arison  of  the  Frotoioic 
And  Hypoioic  rocks  of  different  countries  is  probably 
Btill  incomplete. 

The  geol<^;tsts  of  North  America  have  made  gnat 
prop«ss  in  d««yphering  and  de»;ribing  the  structure 
of  th«ir  own  conntry ;  and  they  have  wisely  gone,  in  t. 
gnftt  measure,  upon  the  plan  which  1  have  comniendtd 
Kt  the  cud  of  the  third  Chapter ; — they  have  compand 
the  rocks  of  their  own  country  with  each  other,  and 
girea  to  the  different  beds  and  formations  nanus 
borrowed  from  their  own  localities.  This  course  will 
bcilitate  rather  than  impede  the  reduction  of  their 
classification  to  its  synonyms  and  equivalents  in  the  old 
world. 

Of  course  it  is  not  to  be  expected  nor  desired  that 
books  belonging  to  Descriptive  Geology  eh&ll  exclude 
the  other  two  branches  of  the  subject.  Geological 
Dynamics  and  Physical  Geology.  On  the  contiMy, 
(maong  the  most  valuable  contributions  to  both  these 
departments  have  been  speculations  appended  to  de- 
Mriptive  works.  And  this  is  naturally  and  ri^tly 
more  and  mcr«  the  case  as  the  description  embraces  a 
wider  field.    The  noble  work  On  the  Geology  of&uM 
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rnii  Uie  Urals,  by  Sir  Roderick  MurcLison  and  Itis  com- 
pHnioiiB,  i«  a  great  example  of  this,  as  of  other  merits 
in  a  geological  book.  The  author  introdHces  into  his 
pageu  the  varioxis  jiortiuns  of  geological  dynamics  of 
which  I  shall  have  to  speak  afterwards;  aud  thus  en- 
deavours to  make  out  the  pliyrical  history  of  the  region, 
the  boundaricB  of  its  raised  sea  bottoms,  the  shores  of 
the  great  continent  on  which  the  mammoths  lived,  tlie 
period  when  the  gold  ore  was  formed,  and  when  thu 
watershed  of  the  Ural  chain  was  elevated.] 


CHAPTER  IV. 


Attempth  to  Discover  General  Laws  is 
Geology, 


Sect.  L — General  Geological  Pkentymena. 

BESIDES  tLus  noticiug  such  features  in  the  roib  | 
of  each  country  as  wei-e  necesaarj  to  the  idestifi- 
cation  of  the  strata,  geologists  have  had  many  o ' 
phenomena  of  the  earth's  suriace  and  matemlt  "p* 
Bented  to  their  notice ;  and  these  they  have,  to  a  o 
extent,  attempted  to  generalize,  bo  aa  to  obtain  o! 
Bubject  what  we  have  elsewhere  termed  the  Lkws  of 
Fhenomeno,  which  are  the  best  materials  for  phjiical 
theory.  Without  dwelling  long  ujion  these,  we  nuj 
briefly  note  some  of  the  most  obvious.  Thus  it  hu 
been  observed  that  moimtain  ranges  often  consist  of  ft 
ridge  of  subjacent  rock,  on  which  tie,  on  each  tid^ 
strata  sloping  from  the  ridge.  Such  a  ridge  b  fto 
ArUiclhtal  Line,  a  Mineralogiaal  Axis.  The  slo[Hiig 
strata  present  their  £scarpmenU,  or  steep  edges,  to 
this  axis.  Again,  in  mining  countries,  the  Veins  which 
contain  the  ore  are  usually  a  system  of  parallei  and 
nearly  vertical  partitions  in  the  rock;  and  these  tie, 
in  very  many  casefl,  interuected  by  another  system  of 
veins  parallel  to  each  other,  and  nearly  perpendtevlar 
to  the  former.  Eocky  regions  are  often  iutei'sected  by 
Faults,  or  fissures  interrupting  the  strata,  in  which 
the  rock  on  one  side  the  £^re  api>en.rB  to  have  been 
at  first  continuous  with  that  on  the  other,  and  shoved 
aside  or  up  or  down  after  the  fracture.  Again,  bendu 
these  lai^er  fractui-es,  rocks  have  Joints, — 8epc»ratioiUi 
or  tendencies  to  separate  in  some  directions  rather 
than  in  others;  and  a  alaCff  Gleavaje,  in  which  tb« 
parallel  subdivisions  may  bo  carried  on,  so  as  to  produce 
lamiote  of  indefinite  thinness.    As  an  example  of  ihoH 
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B  of  phenomeniL  of  which  we  have  spoken,  we  may 
iQstance  the  general  law  asserted  hy  Prof.  8edgwick, 
(not,  however,  aa  free  from  exception,)  that  in  one 
particnlar  ckss  of  rocks  the  slaty  Clearage  inver  coin- 
cides with  the  Direction  of  the  Btrata- 

The  phenomena  of  metalliferous  veins  may  be 
referred  to,  aa  another  large  class  of  facts  which 
demand  the  notice  of  the  geologist.  It  would  be 
difficult  to  point  nut  briefly  any  general  laws  which 
prevail  in  such  cnaes;  but  in  order  to  show  the  curious 
ftnd  complex  nature  of  the  facta,  it  may  be  sufficient 
to  refer  to  the  description  of  the  metallic  veins  of 
Cornwall  by  Mr.  Carne;'  in  which  the  author  main- 
tains that  their  various  conteats,  and  the  manner  in 
which  they  cut  ncrosa,  and  «((<p,  or  ahifi,  each  other, 
leads  naturally  to  the  assumption  of  veins  of  no  less 
than  six  or  eight  different  ages  in  one  kind  of  rook. 

Again,  as  imjwrtant  characters  belonging  to  the 
physical  history  of  the  earth,  and  therefore  to  geology, 
we  may  notice  all  the  general  laws  which  refer  to  its 
temperature ; — both  the  laws  of  climate,  as  determined 
by  the  isoc/iermal  lines,  which  Himiboldt  has  drawn, 
by  the  aid  of  very  numerous  observations  made  in  all 
parts  of  the  world ;  and  also  those  still  more  curious 
fatjta,  of  the  increase  of  temperature  wliich  takes  place 
ae  we  descend  in  the  solid  mass.  The  latter  circum- 
stAnoe,  after  being  for  a  while  rejected  as  a  fable,  or 
explained  away  as  an  accident,  is  now  generally 
ftcknowledgod  to  be  the  true  state  of  things  in  many 
distant  parts  of  the  globe,  and  probably  in  all. 

Again,  to  turn  to  cases  of  another  kind  :  some 
writeTB  have  endeavoured  to  state  in  a  general  manner 
laws  according  to  «'hich  the  members  of  the  geological 
aeriea  succeed  each  other;  and  to  reduce  apparent 
utomaliee  to  order  of  a  wider  kind.  Among  those 
who  have  written  with  such  views,  we  may  notice 
Alexander  von  Humboldt,  always,  and  in  all  sciences^ 
forenio.'it  in  the  nice  of  generalization.  In  hisatteni]>t 
to  extend  the  doctrine  of  geological  equivalents  from 


446  HISTOBT  OF  OBOLOGY. 

the  rocks  of  Europe*  to  those  of  the  Andes,  he  Im  I 
marked  by  appropriate  terms  the  general  modes  d  ] 
geological  Buccession.  '  1  have  inaistwi,'  he  mpf  I 
'  principBilly  upon  the  phenomena  of  altematiot^  (wai-  I 
lation,  and  local  suppression,  and  on  those  preaeoted  1 
by  the  passages  of  forraatious  from  one  to  another,  \i; 
the  effect  of  an  interior  developeinxnC.'' 

The  phenoiuena  of  alternation  to  which  M.  it  \ 
Humboldt  here  refers  are,  in  fact,  very  ci 
exhibiting  a  mode  in  which  the  transitions  from  otw  ] 
formation  to  another  may  become  gradual  and  in- 
aenaifale,  instead  of  sudden  and  abrupt.  Thus  the  enl 
measures  iu  the  south  of  Englaud  are  above  tht 
mountain  limestone;  and  the  distinction  of  the  fornu- 
tions  is  of  the  most  marked  kind.  But  aa  we  advance 
northward  into  the  coal-field  of  Yorkahiro  and  Durbun, 
the  subjacent  limestone  begins  to  be  subdivided  by 
thick  masses  of  sandstooe  and  carbonaceous  atratA,aDd 
passes  into  a  complex  deposit,  not  distinguishable  from 
the  overlying  coal  measures;  and  in  this  maimer  vb« 
transition  from  the  limestone  to  the  coal  is  made  by 
altematioa.  Thus,  to  use  another  expressioa  of  M.  it 
Humboldt's,  in  ascending  from  the  limestone,  the  co«l, 
before  we  quit  the  subjacent  stratnra,  preliides  to  iu 
fuller  exhibition  in  the  superior  beds. 

Again,  as  to  another  point :  geologists  hare  gone 
on  up  to  the  present  time  endeavouring  to  discover 
geuei'al  laws  and  facts,  with  regard  to  the  position  of 
mountain  and  mineral  masses  upon  the  surface  of  Qm 
earth.  Thus  M.  Von  Buch,  in  Ins  physical  description 
of  the  Canaries,  has  given  a  masterly  description  of 
the  lines  of  volcanic  action  and  volcanic  products,  ail 
over  the  globe.  And,  more  recently,  M.  Elie  d« 
Beaumont  has  offered  some  generali&itiona  of  a  still 
wider  kind.  In  this  new  doctrine,  those  mountain 
ranges,  even  in  distant  parts  of  the  world,  whieh  aie 
of  the  same  age,  according  to  the  classifications  aircaiiy 

'  Ciuemait  da  r.odui  dam  la  deux  JIMItphtm.  IBa). 


GESERAL  LAWS  IN  GEOLOGV. 


447 


>ken  o^  are  asserted  to  be  parallel*  to  each  other, 
lile  those  ranges  vhich  are  of  different  ages  He  in 
Fereot  directions.  This  very  wide  and  striking  pro- 
sition  may  be  considered  as  being  at  present  upon 

trial  among  the  geologists  of  Europe.' 
Among  the  organic  phenomena,  also,  which  have 
sn  the  subject  of  geological  study,  general  laws  of  a 
ry  wide  and  comprehensive  kind  have  been  suggested, 
d  in  a  greater  or  lees  d^ree  confirmed  by  adequate 
lemblages  of  facta.  Thus  M.  Adolphe  Brongoiart 
s  not  only,  in  his  Foaail  Flora,  represented  and 
ilAilly  restored  a  vast  number  of  the  plants  of  the 
cient  world;  but  he  has  also,  in  the  I'rodromut  of 
B  work,  presented  various  important  and  striking 
?w8  of  the  general  character  of  the  vegetation  of 
-Dier  periods,  as  insular  or  continental,  tropical  or 
nperate.     And  M.  Agassiz,  by  the  examination  of 

incredible  number  of  specimens  and  collections  of 
tail  fish,  has  been  led  to  results  which,  expressed  in 
rma  of  his  own  ichthyological  classification,  form 
raatitabla  genera!  laws.  Thus,  according  to  him,' 
lao  we  go  below  the  lias,  we  lose  all  traces  of  two  of 
e  four  orders  under  which  he  comprehends  all  known 
nds  offish;  namely,  the  Cyclo'idean  and  the  Clendi- 
an;  while  the  other  two  orders,  the  Gano'itlean  and 
'awndean,  rare  in  our  days,  suddenly  appear  in  great 
unbers,  together  with  large  sauroid  and  carnivorous 
hes,  Cuvier,  in  constructing  his  great  work  on  ich- 
yology,  transferred  to  M.  Agassiz  the  whole  subject 

foasil  fishes,  thus  showing  how  highly  he  esteemed 
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hia  taleots  as  a  nahimlist.  And  Af .  Agaemz  h&s  ahowt 
hiroaelf  worthy  of  his  great  predecessor  in  geologiol 
natural  history,  not  only  by  his  acuteness  and  sctivilt, 
but  by  the  com  prehensile  character  of  his  zoologicil 
philosophy,  and  by  the  courage  with  which  he  iat 
addreawd  himself  to  the  va^t  labours  which  lie  bdon 
him.  In  hia  Report  on  the  Foaail  Fish  tUsroveral  n 
England,  published  in  1835,  he  briefly  sketches  stmt 
of  the  large  i;|ue«tions  which  his  reaeHrches  have  ing- 
und  then  adds,'  '  Such  in  the  meagre  OD^iD* 
of  a  history  of  the  highest  interest,  full  of  cnriom 
episodes,  but  rnomt  difficult  to  relate.  To  unfold  ill* 
details  which  it  coataiDswill  bethebuMinessof  mylifSi' 

[and  Ed.]  [In  proceeding  downwards  thi-on^  th* 
Lenes  of  formntions  into  which  geologistn  have  dis- 
tributed the  rocks  of  the  earth,  one  claas  of  or^oie 
forma  after  another  is  found  to  disappear.  In  ths 
Tertiary  Period  we  find  all  the  classes  of  the  prenst 
world :  Mammalu,  Birds,  Reptiles,  Fishes,  Cnwtaotas^ 
Molluabs,  Zoophytes.  In  the  Secondary  Period,  from 
the  Chalk  down  to  the  New  Red  Sandstone,  Maromab 
are  not  found,  with  the  minute  exception  of  the  mar- 
supial  amp/iitherium  and  phaacololherivtn  in  the  Stoii»- 
field  slate.  In  the  Carboniferous  and  Devonian  period 
we  have  no  large  Reptiles,  with,  again,  a  minntp 
amount  of  exception.  In  the  lower  part  of  the  Silnriui 
rocks,  Fishes  vunish,  and  we  have  no  animal  forms  hot 
MoUushs,  CniHtnceans  and  Zoophytes. 

The  Carbon iferoiiH,  Devonian  and  Silurian  fonn^ 
tioDS,  thus  containing  tlie  oldest  forms  of  life,  htre 
been  termed  ynlirozoie.  The  bonndaries  of  the  life- 
bearing  series  have  not  yet  been  determined;  bat  the 
series  ha^i  in  which  vertebrated  animals  do  not  WpW 
been  provisionally  termed  protosoic,  and  the  unnr 
Silurian  rocks  may  probably  be  looked  upon  as  ili 
upper  members.  Below  tliis,  geologists  place  a  h^foult 
or  atoie  series  of  rocks. 

Geologists  differ  as  to  the  question  whether  (luM 
changes  in  the  inhabitants  of  the  globe  were  made 
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by  determinate  steps  or  by  insensible  gradatioiiB. 
M.  AgosHiz  Lik»  been  led  to  the  conviction  that  tlie 
oi^anized  population  of  the  globe  was  renewed  iu  the 
interval  of  each  principal  member  of  its  formations.^ 
Mr.  Lyell,  on  the  other  hand,  conceives  that  the  change 
in  the  collection  of  organiz^  beings  wus  gradual,  and 
has  projiosed  on  this  subject  an  liypothesis  which  I 
shall  hereafter  consider.] 


Sect.  ^ 


—TmnsUion  to  Geciogical  Dynavi 


While  we  have  been  giving  this  account  of  the  objects 
with  which  Descriptive  Geology  \a  occupied,  it  must 
have  been  felt  how  difficult  it  is,  in  contemplating  such 
beta,  to  confine  ourselves  to  description  and  claaaificu- 
tion.  Conjectures  and  reiuouings  reapecting  the  causes 
of  the  phenomena  force  themselves  upon  ua  at  eveiy 
Btep;  aJid  even  influence  our  classification  and  nomen- 
clature. Our  Descriptive  Gfeology  impels  us  to  endea- 
vour to  construct  a  Physical  Geology.  This  close 
conneKion  of  the  two  branches  of  the  subject  by  no 
means  invalidates  the  necessity  of  distinguishing  them : 
an  in  Botany,  although  the  formation  of  a  Natural 
System  necessarily  brings  us  to  physiological  relations, 
we  still  distinguish  Systematic  from  Physiological 
Botany. 

Supposing,  however,  our  Descriptive  Geology  to  bo 
completed,  as  far  as  can  be  done  without  considering 
closely  the  causes  by  which  the  strata  have  been  pro- 
duced, we  have  now  to  enter  upon  the  other  province 
of  the  science,  which  treats  of  those  causes,  and  of 
which  we  have  already  spoken,  as  Pkyiiiral  Geology. 
But  before  we  can  treat  this  department  of  speculation 
in  a  manner  suitable  to  the  conditions  of  science,  and 
to  the  analogy  of  other  parts  of  our  knowledge,  a 
certain  intermediate  and  pi-eparatnry  science  must  be 
formed,  of  which  we  shall  now  consider  the  origin  and 
progress. 

>  Brit.  Aunt.  Blpari,  iiA*.  p.  83. 
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CHAPTER  V. 
Ikobganic  Geological  Dynamics. 


— i\'ecesm(y  aiul  Objfct  of  a  Sdeiiee  ofGaiofti 

JHEN  the  structure  and  arrangemeat  wtiicbiMi 
observed  in  the  materialii  of  the  earth  iiutijnttd 
them  to  speculate  cc>ncenuDg  the  finst  cliangn  uJ 
revolutions  by  which  such  results  bad  been  prodDCaL 
they  at  first  atippoBed  themselvea  Bufficiently  able  tu 
judge  what  would  be  the  effects  of  any  of  the  obvioui 
agents  of  change,  as  water  or  Tolcauic  fire.  It  did  not 
at  once  occur  to  them  to  Busfiect,  that  their  oonuiKii 
and  extemporaneous  Judgment  on  such  points  mifu 
from  sufficient  for  eoutid  knowledge; — they  did  nnl 
foresee  tliat  they  munt  create  a  special  ndenoe^  w)k« 
object  should  be  to  estimate  the  general  lawi  ud 
effects  of  assumed  causea,  before  they  could  pronoiua 
whether  such  causcH  had  actually  produced  the  pMti- 
cular  facts  which  their  survey  of  the  cai-th  had  disdoerd 
to  them. 

Yet  the  analogy  of  the  progress  of  knowledge  ai 
other  subjects  points  out  rery  clearly  the  neicenitr  (t 
such  a  science.  When  phenomenal  astronomy  btj 
arrived  at  a  high  point  of  completcneas,  by  the  laboon 
of  ages,  and  especially  by  the  discovery  of  Kc^ilci'i 
law:*,  astronoinera  were  vehemently  desirous  of  lotD*- 
ing  the  causes  of  these  motions;  and  aauguine  ttML 
such  as  Kepler,  readily  conjectured  that  the  motuu 
were  the  effects  of  certain  virtues  and  influence^  H 
vhich  the  heavenly  bodies  acted  upon  each  other.  Bui 
it  did  not  at  lirst  occur  to  him  and  his  fcllow-spt^ 
JutorR,  that  they  had  not  ascertained  what  motious  Ch 


one  body  upon  another  could  produce ; 
I  that,  therefore,  they  were  not  prepared  to  judge 
ether  such  causes  as  they  spoke  of,  did  really  regn- 
j  the  mntiona  of  the  planets.  Yet  nuch  wan  found 
be  the  Deceaaary  course  of  sound  inference.  Men 
ided  a  science  of  motibn,  in  order  to  arrive  at  a 
inco  of  the  heavenly  motions:  they  could  not  ad- 
ice  in  the  study  of  the  Mecliauica  of  tlie  heavens, 

they  had  learned  the  Mechanics  of  terrestrial 
lies.  And  thus  they  were,  in  such  speculations,  at 
land  for  nearly  a  century,  from  tlie  time  of  Kepler 
the  time  of  Newton,  while  the  science  of  Mechanics 
B  formed  by  Galileo  and  hia  successors.  Till  that 
ik  was  executed,  all  the  uttenipts  to  assign  the 
ises  of  cosmical  phenomena  were  fancilnl  guesses 
d  rngue  assertions ;  after  that  watt  done,  they  became 
monstrationa.  The  science  of  Dynamiet  enabled 
ilosophers  to  pass  securely  and  completely  from 
wmmenal  Attranamy  to  Pki/aieal  AHnrtiomy. 
In  like  manner,  in  order  that  we  may  advance  from 
leuomennl  Geology  to  Physical  Geology,  wo  netd  a 
ence  of  Geological  Dynamio; — that  is,  a  science 
lich  shall  investigate  and  determine  the  laws  and 
Dsequences  of  the  known  causes  of  changes  such  as 
ose  which  Geology  considers^ — and  which  shall  do 
ia,  not  in  an  occasional,  imperfect,  and  unconnected 
umer,  but  by  systematic,  complet«.  and  conclusive 
Btbods; — shall,  in  short,  be  a  Science,  and  not  a  pro- 
iscuouB  assemblage  of  desultory  essays. 
The  necessity  of  such  a  study,  as  a  distinct  branch 

geology,  ia  perhap  hardly  yet  formally  recognized, 
though  the  researches  which  belong  to  it  have,  of 
te  years,  assumed  a  much  more  methodical  and 
ieutilic  character  than  they  before  possessed.  Mr. 
(fell's  work  {Pri-acipleg  of  Geology)  in  particular,  has 
uinently  contributed  to  place  Geological  Dynamics 

its  proper  prominent  position.     Of  the  four  books 

his  Treatise,  the  second  and  third  are  upon  this 
vision  of  the  subject;  the  secoud  Ifook  treating  of 
[ueous  and  igneoua  causes  of  diaiige,  and  the  third,  of 
laiiges  in  the  organic  world. 


I 
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There  b  no  difficulty  in  Bepamling  thb  ansiliin 
geological  BcieD(»  from  theoretical  G«olugy  itself,  a 
-which  we  apply  our  principles  to  the  expUuaticni  4 
the  actual  tactu  of  the  enrtli'tt  surface.  Tlie  fonnrr,  if 
perfected,  would  be  a  deniouKtrative  ecieuce  dnling 
with  geoeral  citaes;  the  latter  ia  au  Ktiotogical  iiff 
having  reference  I«  special  facts:  the  one  attempt) lo 
det«rmiue  what  always  must  be  under  given  Maxl)' 
tiona ;  the  other  is  satisfied  with  knowing  what  i»  ind 
has  beeu,  and  why  it  has  been :  the  first  study  IiH  I 
strong  reseuiblance  to  Mechanics,  the  other  to  plule- 
sophical  Archa;ology. 

Since  this  portion  of  Btnence  is  still  so  new,  it  ii 
scarcely  possible  to  give  any  historical  account  of  itt 
progress,  or  any  complete  survey  of  its  shape  and  com- 
ponent parts.  I  can  only  attempt  a  few  notices,  whi^ 
may  enable  us  in  some  measure  to  judge  to  whM  point 
this  division  of  our  subject  is  tending. 

We  may  remark,  in  this  as  iu  former  case*,  tU 
since  we  hare  here  to  consider  the  fonnation  ud 
progress  of  a  seiatice,  we  must  treat  as  unimportuit 
preludes  to  its  history,  the  detached  and  canual  oImt- 
vations  of  the  effects  of  causes  of  change  which  we  find 
in  older  writers.  It  ia  only  when  we  oome  to  qrne- 
mittic  collections  of  information,  such  as  nutjr  t&ai 
the  meaiiH  of  drawing  general  conclusions;  or  to  iig>- 
rous  deductions  from  known  laws  of  nature; — that  m 
can  recognize  the  separate  existence  of  gook^ial 
dynamics,  as  a  path  of  scientific  research. 

The  following  may  perhaps  suffice,  for  tbs  prcncnl. 
as  a  sketch  of  the  subjects  of  which  thia  Miam 
treats : — the  aqueous  causes  of  change,  or  thoce  ia 
which  water  adds  to,  takes  from,  or  tranafen,  t)M 
materials  of  the  land : — the  igneous  causes;  volcnao, 
and,  closely  connected  with  them,  earthquako^  mi 
the  forces  by  which  they  are  produced ; — the  caloiil^ 
tions  which  determine,  on  physical  principU^  ^ 
effects  of  assumed  mechanical  causes  acting  upon  lane 
portions  of  the  cruat  of  the  earth; — the  eSect  of  tH 
forces,  whatever  they  be,  which  produce  the  oijstalliM 
texture  of  rocks,  their  fissile  structure,  and  the  amai^ 
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tion  of  materials,  of  which  we  see  the  resulta  111  metal- 
liferous veius.  Again,  the  eatimation  of  the  resulta  of 
changes  of  temperature  in  the  earth,  whether  openitiog 
bv  pressure,  ejqiauaioa,  or  in  anj  other  way ; — the 
effi'Cts  of  assumed  changes  in  the  superficial  condition, 
extent,  and  elevation,  of  terrestrial  continents  upon 
the  climatea  of  the  earth; — the  etfect  of  asaunied  cob- 
nucal  changes  upon  the  temperature  of  this  ptauet; — 
and  researches  of  the  same  nature  as  these. 

These  researches  are  eoncerued  with  the  causes  of 
change  iu  the  inorganic  world ;  but  the  subject  requires 
uo  leas  that  we  should  investigate  tlie  causes  which 
luaj  modify  the  forms  and  condition  of  organic  things; 
and  in  the  large  sense  in  which  we  have  to  use  the 
phrase,  we  may  include  researches  on  such  subjects 
alMD  as  parts  of  Geological  Dynamics ;  although,  in 
truth,  this  department  of  physiology  has  been  culti- 
vated, as  it  well  deserves  to  be,  independently  of  its 
bearing  upon  geological  theories.  Tlie  great  problem 
which  offers  itoelf  here,  in  reference  to  Geology,  is,  to 
examine  the  value  of  any  hypotheses  by  which  it  may 
be  attempted  to  explain  the  succeiwion  of  different 
racea  of  animals  and  planta  in  different  strata;  and 
though  it  roay  be  difficult,  iu  this  inquiry,  to  arrive  at 
any  positive  result,  we  may  at  least  be  able  to  show 
the  improbabUitj  of  some  conjectures  which  have  been 
propounded. 

I  shall  now  give  a  very  brief  account  of  some  of  the 
attempts  made  in  these  various  departments  of  this 
province  of  our  knowledge ;  and  in  the  present  chapter, 
of  Inorganic  Changes. 

Sect.  3. — Aqrieoiu  Cuuaeg  of  Change. 

The  controversies  to  which  the  various  theories  of 
geologists  gave  rise,  proceeding  in  various  ways  upon 
5ie  effects  of  the  e»sting  causes  of  change,  led  men  to 
observe,  with  some  attention  and  perseverance,  the 
actual  operation  of  such  causes.  In  this  way,  the 
known  effect  of  the  Rhine,  in  tilling  np  the  hke  of 
U«neva  at  its  ujijisr  axtnmit;,  wtu  tefercul  tQ  b;] 
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De  Luc,  Kirwan,  and  others,  in  their  dis[iut«  with  ik« 
Huttoni^us ;  nnd  attempts  were  even  made  to  calculiu 
how  distant  the  period  was,  when  this  aJlu^-ial  dvpnil  | 
firat  b^an.  Other  roodtra  observers  have  atkoJed 
to  similar  factd  in  the  natural  history  of  rivers  ud 
seaa  But  the  subject  maj  be  considered  ns  hciiiif 
first  assumed  its  proper  form,  when  token  up  by  Mr, 
Von  Hoff ;  of  whose  HigtuTT/  of  live  Natural  i!itang»  ^ 
the  Earth's  Stir/ace  which  are  proved  by  Trad^itm,  tta 
first  i«rt,  trwitiiig  of  aqueons  changes,  appeared  in 
1822.  Thix  work  was  occasioned  by  a  Prize  Question  ' 
of  the  Royal  Society  of  Gottingen,  [iromulgated  in 
1818;  in  which  these  clianges  were  proposed  u  llw 
Bubject  of  inquiry,  with  a  sjjecial  reference  to  geologj. 
Al^ough  Von  Uoff  does  not  attempt  to  estjtblisL  tnj 
general  inductions  upon  the  facts  which  hia  book  a»- 
tains,  the  collection  of  such  a  body  of  fact-s  gave  alnurt 
a  new  aspect  to  the  subject,  by  showing  that  cbttogo 
in  the  relative  extent  of  land  and  water  wcro  going  Mi 
at  every  time,  and  almost  at  every  place ;  and  thit 
mutability  and  Suctuation  in  the  form  of  the  solid 
parts  of  the  eaiirh,  which  had  been  etipjK>sed  by  inut 
persons  to  be  a  rare  exception  to  the  common  coiuM 
of  events,  was,  in  bet,  the  universal  rule.  But  it  «w 
Mr.  Lyell's  Principles  of  Geology,  bring  an  tOtemft  to 
explain  the  former  Cluxngt*  (ft}it  Earth's  Sur/aet  by  t*« 
Causes  now  in  action,  (of  which  the  first  Tolume  «■* 
published  in  1830,)  which  disclosed  the  fiill  effect  of 
such  researches  on  geology;  and  which  attempted  to 
present  such  assemblages  of  special  facts,  as  cxamplct 
of  general  laws.  Thus  this  work  may,  as  we  hive 
said,  be  looked  upon  as  the  beginning  of  Geologiol 
Dynamics,  at  least  among  us.  Such  geuemlixatiMK 
and  applications  as  it  contains  give  the  moat  linlf 
interest  to  a  thouiiand  observations  respecting  riven 
and  floods,  mountains  and  morasses,  which  otherwin 
appear  without  aim  or  meaning;  and  thus  this  d^nrt- 
ment  of  science  cannot  fail  to  be  constantly  angmentdl 
by  contributions  from  every  side,  At  the  same  tiro* 
it  is  clear,  that  these  contributions,  voluminous  aa  tixif 
must  beconto,  must,  from  time  to  time,  be  resolved 
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into  lawB  of  greater  and  greater  generality;  and  that 
thus  alone  the  progress  of  thia,  aa  of  all  otiier  sciencea, 
can  be  fiirtheruiL 

1  need  not  att«ropt  any  detuiled  enumeration  of  the 
modes  of  oqueoua  action  which  are  here  to  be  oon- 
ndered.  Some  are  destructive,  as  when  the  rivera 
erode  the  channels  In  which  they  flow;  or  when  the 
Treves,  by  theu-  perpetual  assault,  shatter  the  shores, 
aad  carry  the  ruios  of  them  iuto  the  abyss  of  the 
ocean.  Home  operations  of  the  water,  on  the  other 
hand,  add  to  the  laad ;  as  wheu  tidlat  are  formed  at 
the  mouths  of  rivers,  or  when  calcareous  spriugu  form 
dejMtaits  of  traveriin.  Even  wheu  bound  10  icy  fetters, 
water  is  by  no  means  deprived  of  its  active  power; 
the  gUicifr  carries  into  the  valley  masacs  of  its  native 
mountain,  aud  often,  becoming  ice-bergs,  float  with  a 
lading  of  such  materials  far  into  the  seas  of  the  tem< 
perate  zone.  It  is  indisputable  that  vast  >>eds  of  worU' 
down  fr^nienta  of  the  existing  land  are  now  forming 
into  strata  at  the  bottom  of  the  ocean  ;  and  that  many 
other  elTects  are  constAntly  produced  by  existing 
aqueous  causes,  which  resemble  some,  at  least,  of  the 
facts  which  geology  luis  to  explain. 

[znd  Ed.]  [The  effects  of  glaciers  above  mentioned 
lire  obvious;  but  the  mechanism  of  these  bodies, — the 
mechanical  cause  of  their  motions, — was  an  unsolved 
problem  till  within  a  very  few  years.  That  they  elide  as 
rigid  masses; — that  they  ailvance  by  the  exiiansion  of 
their  mais; — that  they  advance  as  a  collection  of  rigid 
fragments;  were  doctrines  which  were  held  by  emi- 
nent physicists;  though  a  very  slight  attention  to  the 
subject  shows  these  opinions  to  be  untenable.  In  Pro- 
fessor James  Fiirbes's  theory  on  the  subject  (published 
in  his  Travda  llirougfi  the  Alp»,  1843,)  we  findasoluticiQ 
of  the  problem,  so  simple,  and  yet  so  exact,  as  to  pro. 
duoe  the  most  entire  oonviction.  In  this  theory,  the 
ice  of  a  glacier  is,  on  a  great  scale,  supposed  to  be  a 
plastic  or  viscous  mass,  though  small  portiouA  of  it  are 
sensibly  rigid.  It  advances  down  the  slope  of  the 
valley  in  which  it  lies  as  a  plastic  mass  would  do, 
lodiitiug  itaelf  to  the  varying  shape  and  size  of 
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ita  bed,  and  showing  by  its  crevafBes  its  mixed 
racter  between  fluid  and  rigid.  It  ehowa  this  chui 
atill  more  curiously  by  a  ribboned  atrueture  on  a  BntH 
acale,  whicb  is  common  in  tbe  solid  ice  of  the  glaei». 
The  planes  of  these  ribboTU  are,  for  the  moat  part,  il 
right  angles  to  the  crevasses,  near  the  sides  of  tlw 
glacier,  while,  near  ita  central  line,  they  dtp  tonrii 
the  upper  part  of  the  glacier.  This  stmctore  appon 
to  arise  from  the  difference  of  Telocities  of  coDtigwiat 
moTing  filaments  of  the  icy  mass,  as  the  crevMW 
themselves  ariiie  from  the  tension  of  larger  portiom 
Mr.  Forbes  baa,  in  snccessive  publications,  renumd 
the  objections  which  hare  been  urged  against  itiii 
theory.  In  the  last  of  them,  a  Memoir  in  the  PiiL 
Trans.,  1846,  {tUustraliom  of  the  Visanis  Thwrg  1} 
Glacier  Motion,)  he  very  naturally  esrpresscs  astoniah- 
ment  at  the  opposition  which  has  been  made  to  tin 
theoiy  on  the  ground  of  the  rigidity  of  small  pieoo-rf 
ice.  He  baa  himself  shown  that  the  ice  of  glacicn  hM 
a  plastic  flexibility,  fay  marking  forty-five  points  in  ft 
transverse  straight  line  upon  the  Mer  de  Glace,  and 
observing  them  for  several  days.  The  straight  line  iJ> 
that  time  not  only  became  oblique  to  the  side,  but  alfO 
became  visibly  curved. 

Both  Mr.  Forbes  and  other  philosophers  have  mad* 
it  in  the  highest  degree  protmble  that  glaciers  have 
existed  in  many  places  in  which  they  now  exist  no 
longer,  and  have  exercised  great  powers  in  transport- 
ing large  blocks  of  rock,  furrowing  and  polishing  the 
rocks  along  which  they  slide,  and  leaving  lines  am! 
msBses  of  detritus  or  moraine  which  they  had  carried 
along  with  them  or  pushed  before  them.  It  omut 
be  doubted  that  extinct  glaciers  have  prodnoed  KM 
of  the  effeota  which  the  geologist  haa  to  endeaTUtr  !• 
explain.  But  this  part  of  the  machinery  of  nature  btf 
been  worked  by  some  theorists  into  cui  exaggerated 
form,  in  which  it  cannot,  as  I  conceive,  have  any  plaee 
in  an  account  of  Geological  Dynamics  which  aims  tl 
being  permanent. 

The  great  problem  of  the  diffiision  of  drift  aai 
en-utic  blocks  from  their  parent  rocks  to  greet  dif 
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tances,  han  driven  geologiata  to  the  conai<teration  of 
other  hjfpotheticai  maohiaerj  bj  vhich  the  effects 
may  be  accounted  for;  especially  the  great  TUtrlhern 
driji  and  hmildera, — the  rocks  from  tlie  Scandinavian 
chain  which  cover  the  north  of  Eiirr>]>c  on  a  vast  ansa, 
having  a  length  of  aooo  and  breadth  of  from  400  to 
800  miles.  The  diffusion  of  these  blocks  has  been 
accounted  for  by  supposing  them  to  be  imbedded  in 
icebergs,  detached  from  the  shore,  and  floated  into 
oceanic  spaces,  where  they  have  grounded  and  been 
deposited  by  the  melting  of  the  ice.  And  this  mode 
of  action  may  to  some  extent  be  safely  adniittM  into 
geological  specnlation.  For  it  is  a  matter  of  fact,  that 
our  navigators  in  arctic  and  antarctic  regions  have 
repeatedly  seen  icebergs  and  icefloes  sailing  along  laden 
with  such  materials. 

The  above  explanation  of  the  phenomena  of  drift 
supposes  the  land  on  irhich  the  travelled  matenals  ore 
found  to  have  been  the  bottom  of  a  sea  where  they 
were  deposited.  But  it  does  not,  even  granting  the 
coiiditidtis,  account  for  some  of  the  facts  observed; — 
that  the  drift  and  the  boulders  are  deposited  in 
'  tnunfes'  or  streaka,  which,  in  direction,  divei^e  from 
the  parent  rock ; — and  that  the  boulders  are  of  smaller 
and  smaller  size,  as  they  are  found  more  remote  from 
that  center.  These  pliciioinena  rather  suggest  tha 
notion  of  currents  of  water  as  the  cause  of  the  distri- 
bution of  the  materials  into  their  present  sitastiona. 
And  though  tlie  supposition  that  the  whole  area  occu- 
pied by  drift  and  boulders  was  a  sea-bottom  when  they 
were  scattered  over  it  much  reduces  the  amount  of 
violence  wliich  it  is  necessary  to  assume  in  order  to 
distribute  the  loose  masses,  yet  still  the  work  appears 
to  be  beyond  the  jKissible  effect  of  ordinary  marine 
currents,  or  any  movements  which  would  be  occa- 
sioned by  a  slow  and  gradual  rising  of  the  oeriter  of 
distribution. 

It  has  been  suggested  that  a  gwiiim  rise  of  tho 
center  of  distribution  would  cause  a  mntinn  in  tho  HUr- 
roimding  ocean  sufficient  to  producn  *\\a\\  an  effect : 
and  in  ooiifirmatioa  of  liat,  rofu'o&ou  Uiui  b<wn  nct^A 


to  Mr.  Scott  KuBseU's  investigations  with  reepeobl 
waves,  already  referred  to.  (Book  vtii.)  The  waven 
this  cajMi  would  be  the  toave  of  franeiation,  in  vfaldi 
the  motion  of  the  water  is  as  great  at  the  bottom  ts 
at  the  top;  and  it  has  hence  been  BssBrt«d  that  bj 
paroxyEmul  elevations  of  loo  or  300  feet.  &  current  uf 
25  ur  30  miles  an  hour  might  be  accouut(>il  for.  Bui 
I  think  it  has  not  been  sufficicntty  noted  that  at  wdi 
jtoiut  this  'current'  is  transient;  it  lasts  only  while 
the  wave  is  paaaing  over  the  point,  and  therefore  it 
would  oDly  either  carry  a  single  mass  the  whole  w 
with  its  own  velocity,  or  move  through  a  short  di»- 
tance  a  series  of  masses  over  which  it  Baceaaivd] 
passed.  It  does  not  appear,  therefore,  that  we  htm 
here  a  complete  account  of  the  transport  of  a  coUectim 
of  materials,  in  which  each  part  is  tj;aasferred  throu^ 
great  distances :^ — except,  indeed,  we  were  to  suppose* 
numerous  successiou  of  paroxysmal  elevations.  Soti  ■ 
battery  might,  by  suceeaaive  shocks,  transmitting  their 
force  through  the  water,  diffuse  the  fragment  of  tie 
central  mass  over  any  area,  however  wide. 

The  iact  that  the  erratic  blocks  are  found  to  KstuB 
the  lower  drift,  is  welt  explained  by  supposing  iu 
latter  to  have  been  spread  on  the  sea  bottom  while 
rook-bearing  ice  masses  floated  on  the  surface  till  Iht? 
de[)0sited  their  lading. 

mr  K.  Mtirchison  has  pointed  out  another  operation 
of  ice  in  producing  mounds  of  rocky  masses;  namelft 
the  effects  of  rivers  and  lakes,  in  climates  where,  u  )> 
Russia,  the  waters  carry  rocky  fragments  entangled  in 
the  winter  ice,  and  leave  tlieni  in  heaps  at  the  hi||^^T^t 
level  which  the  waters  attain. 

The  extent  to  which  the  efiecta  of  glaciers,  m>» 
vanished,  are  apparent  in  many  places,  especially  in 
Switzerland  and  In  Engl.md,  and  other  phenomenM  el 
the  like  tendency,  have  led  some  of  the  most  etuinaol 
geologists  to  the  conviction  that,  anterior  to  the  perioi 
of  our  present  temperature,  tliere  was  a  Glacial  Period, 
at  which  the  temperature  of  £uroiie  was  lower  tlum  it 
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water  may  give  the  geologist  such  an  acquaintance 
with  the  laws  of  bid  subject  as  may  much  niJ  his  jiidg- 
meat  respecting  the  extent  to  which  such  effects  may 
jiroceed,  a  long  course  of  observation  and  thought 
must  be  ruquiaite  before  such  operations  can  be  ana- 
lysed into  their  fuDdamentul  principles,  and  become 
the  Biilijecta  of  cnJculation,  or  of  rigorous  reasoning  in 
any  manner  which  is  as  precise  and  certain  as  calcula- 
tion. Various  portions  of  Hydraulics  have  an  important 
bearing  upon  these  subject^  including  some  researchea 
which  have  been  pursued  with  no  small  labour  by 
engineers  and  mathematicians ;  as  the  effects  of  currents 
and  waves,  the  laws  of  tides  and  of  rivers,  and  many 
similar  problems.  In  truth,  however,  such  subjects 
have  not  hitherto  been  treated  by  mathematicians 
with  much  success  j  and  probably  several  geucrations 
must  elapse  before  this  portion  of  geological  dynamics 
can  become  an  exact  scieiice. 

Seet.  3. — Igjieovs  Cnasfs  of  C/tantfe. — Motions  of  the 
EaTth'i  Surface. 

Ths  effects  of  volcanoes  have  long  been  noted  as  im- 
portant and  striking  feature-s  in  the  ]>hysical  history 
of  OUT  globe ;  and  the  probability  of  their  connexion 
with  mauy  geological  phenomena,  had  not  escaped 
notice  at  an  early  period.  But  it  was  not  till  more 
recent  times,  that  the  full  import  of  these  pbenomenft 
was  apprehended.  The  person  who  first  looked  at 
such  operations  with  that  commanding  generaJ  view 
which  showed  their  extensive  connexion  with  physical 
geology,  was  Alexander  von  Humboldt,  who  explored 
the  volcanic  phenomena  of  the  New  World,  from  1799 
to  1804.  He  remarked'  the  Hnear  distribution  of 
volcanic  domes,  considering  them  as  vents  placed  along 
the  edge  of  vast  fissures  communicating  with  reservoirs 
of  igtieous  matter,  and  extending  across  whole  con- 
tinents. He  observed,  also,  the  frequent  Byin|jathy  of 
volcanic  and  terremotive  action  in  remote  district*  of 
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the  earth's  Harfiwie,  thaa  sliowmg  how  deeply  seaioi 
must  be  the  cause  of  these  coavuUioitB.  These  vien 
strongly  excited  aud  influenced  the  speculations  of 
geologists;  aud  since  then,  phenomena  of  this  kial 
have  been  culleoted  into  a  general  vie^f  as  parts  of  » 
natural-historical  science-  Von  Hoff,  in  the  saaxi 
volume  of  the  work  already  mentioned,  was  one  of  tlit 
first  who  did  this;  '  At  least,'  he  himself  says,^  (i^'-tr) 
'  it  was  not  known  to  him  tliat  any  one  before  hin 
had  endeavoured  to  combine  so  large  a  mass  of  tnOi 
with  the  general  ideas  of  the  natntal  pliilosopher, » 
as  to  form  a  whole.'  Other  attempts  were,  Lowotm, 
soon  made.  In  1815,  M.  von  Ungem-Stemberg  put 
listed  hia  book  On  the  NiUure  and  Origin  of  Voleanoti,* 
in  which,  he  says,  hia  object  is,  to  give  au  empinal 
representation  of  these  phenomena,  in  the  samej^tu, 
Mr,  Poulett  Scrope  published  a  work  in  which  be 
described  the  known  facta  of  volcanic  actian;  not, 
however,  confining  himself  to  description ;  bis  parpoM 
being,  as  his  title  states,  to  consider  'the  probaUs 
causes  of  their  phenomena,  the  laws  which  detnnniae 
their  march,  the  disposition  of  their  products,  and  their 
connexion  with  the  present  state  and  past  histoij  of 
the  globe;  leading  to  the  establishment  of  a  xuf 
theoiy  of  the  earth.'  And  in  1826,  Dr.  Daubeny,  of 
Oxford,  produced  A  Description  of  Active  and  Extinct 
Volcanoes,  including  in  the  latter  phrase,  the  volcanic 
rocks  of  central  France,  of  the  Rhine,  of  northern  ud 
central  Italy,  and  many  other  countries.  Indeed,  tbe 
near  connexion  between  the  volcanic  effects  now  goio; 
on,  and  those  by  which  the  basaltic  rooks  of  Auvergne 
and  many  other  places  had  been  produced,  was,  lij 
this  time,  no  longer  doubted  by  any :  and  therefore 
the  line  which  here  separates  the  study  of  existing 
cnitsea  from  that  of  past  effects  may  eeem  to  melt 
away.  But  yet  it  is  manifest  that  the  assumption  of 
an  identity  of  scale  aud  mechanism  between  Tolcanoa 
now  active,  and  the  igneous  catastrophes  of  which  ito 
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xlucts  have  survived  great  revolutions  on  the  eartb'rf 
"a  liypotheticsU ;  and  all  which  depeuda  on  this 
mption  belongs  to  theoretical  get)logy. 
Oontiiung  ourselves,  then,  to  volcanic  cffixsts,  which 
faave  been  produced,  certainly  or  probitbly,  since  the 
earth's  surface  uaaumed  its  present  form,  we  have  etill 
ftn  ample  exhibition  of  powerful  causes  of  change,  in 
the  Btreoms  of  lava  and  other  materials  emitted  in 
eruptions;  and  still  more  in  the  earthquakes  which,  aa 
men  easily  satisfied  themselves,  are  produced  by  the 
SBJne  causes  as  the  eruptions  of  volcanic  fire. 

Mr.  Lyell's  work  was  important  in  this  as  in  other 
portions  of  this  subject.  He  extended  the  conceptions 
previously  entertained  of  the  effects  which  such  causes 
may  produce,  not  only  by  showing  how  great  these 
operations  ore  historically  known  to  have  been,  and 
how  constantly  they  are  going  on,  if  we  take  into  our 
survey  the  whole  surface  of  the  earth;  but  still  more, 
by  urging  the  consequences  which  would  follow  in  a 
long  course  of  time  fram  the  constant  repetition  of 
operations  in  themselves  of  no  extraorduiary  amount. 
A  UTa-stream  many  miles  long  and  wide,  and  several 
y&rds  dee]),  a  subsidence  or  elevation  of  a  portion  of  the 
earth's  surface  of  a  few  feet,  are  by  no  means  extra- 
ordinary facts.  Let  these  operations,  said  Mr.  Lyell, 
be  repeated  thousands  of  times ;  and  we  have  results 
"    '  order  with  the  changes  which  geology 


The  most  mitigated  earthquakes  have,  however,  a 
character  of  violence.  But  it  has  been  thought  by 
many  philosophers  that  there  is  evidence  of  a  change 
of  level  of  the  land  in  cases  where  none  of  these  violent 
operations  are  going  on.  The  most  celebrated  of  these 
cases  is  Sweden ;  the  whole  of  the  land  from  Gottenburg 
to  the  north  of  the  Gulf  of  Bothnia  has  been  supposed 
in  the  act  of  rising,  slowly  and  insensibly,  from  the 
Burrwnnding  waters.  The  opijiion  of  such  a  change  of 
level  has  long  been  the  belief  of  the  inhabitants;  and 
was  maintained  by  Celsius  in  the  beginning  of  the 
eighteunth  century.  It  has  since  been  conceived  to  be 
eosfirmed  by  Tsrioua  observfttions  of  matka  g\A  q^  *OEia 
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iace  of  the  tock ;  beds  of  sheila,  siiolt  as  novr  lire  _  _ 
neighboimsg  seaa,  raised  to  a  considemble  height ;  ml 
other  indications.  Some  of  theae  proofs  ap]>ear  dJonbl- 
fill;  but  Mr.  Lyell,  after  examiiiiiig  the  facts  upon  tb 
spot  is  1S34,  say^,  'In  regard  to  the  propoaitioo  thrt 
the  land,  in  certain  parts  of  Sweden,  is  gradually  rtsiii^ 
I  have  no  hesitatJoo  in  assenting  to  it.  after  my  Tini 
to  the  districts  above  alluded  to.'  '*  If  this  ooncliuioa 
be  generally  accepted  by  geologists,  ■we  have  here  1 
daily  example  of  the  operation  of  some  powerful  ^tnl 
which  belongs  to  geological  dynamics;  and  which  fn 
the  purposes  of  the  geological  theorist,  does  the  "nrk 
of  the  earthquake  upon  a  very  large  scale,  wilhoM 
assuming  its  terrors. 

[ind  Ed.]  [Examples  of  changes  of  level  of  Iwge 
districts  occurring  at  periods  when  the  countiy  hu 
been  agitated  by  earthquakes  are  well  aacertajued,  (■ 
the  rising  of  the  coast  of  Chili  in  183a,  and  the  rab- 
sidence  of  the  dietrict  of  Cut«h,  in  the  delta  of  ibt 
Indus,  in  1819.  (Lyell,  B.  n.  c.  xv.)  But  thecaM8i;J 
more  slow  and  tranquil  ntovemeut  seem  also  to  be 
established.  The  gradual  secular  rise  of  the  ahoce  of 
the  Baltic,  roeotioDed  in  the  text,  has  been  confinud 
by  subsequent  investigation.  It  appeara  that  the  ntt 
of  elevation  increases  from  Stockholm,  where  it  ii  anij 
a  few  inches  in  a  century,  to  the  North  Cape,  wL«i«  ft 
is  several  feet  It  appears  also  that  seTeral  otbir 
regions  are  in  a  like  state  of  secular  change.  Theooilt 
of  Greenland  is  sinking.  (Lyell,  B.  11.  o.  xviii)  Asd 
the  existence  of 'raised  beaches'  along  various  oouti  11 
nowgenerallyocccptedamonggcologists.  flnrh  hrfihr^ 
anciently  forming  the  margin  of  the  sea,  bat  noT  kt 
above  it,  exist  in  many  places;  for  instanoc^  aloCgft 
great  port  of  the  Scotch  coast;  and  among  tbs  niM 
beaches  of  that  country  we  ought  jjrobably,  witli  Mr. 
Darwin,  to  include  the  '  parallel  roads '  of  Glenraj,  tha 
subject,  in  fanner  days,  of  so  much  coatroveray  amof 
geologists  and  antiquaries. 

Connected  with  the  secular  rise  and  fall  of  lai^ 
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portiona  of  tbe  earth's  sur&ce,  another  agency  which 
jiLaya  an  imjxirtaDt  part  in  Geological  Dynamics  haa 
l>e«n  the  subject  of  somo  bold  yet  singularly  pereuaaive 
specuiatioua  by  Mr.  Darwin.  I  apeak  of  the  formation 
of  Coral,  and  Coral  Reefa.  He  eayR  that  the  coral- 
building  aaimal  works  only  at  small  and  definite  dia- 
tances  below  the  sm^ace.  How  then  are  we  to  account 
for  the  vast  number  of  coral  islands,  rings,  and  ree&, 
whiah  are  scattered  over  the  Pacific  and  Indian  OceansI 
Can  we  suppose  that  there  are  so  many  mountains, 
craters,  and  ridges,  all  exactly  within  a  few  feet  of  the 
same  height  through  this  vast  portion  of  the  globe's 
Kurfaoe?  This  is  iucredible.  How  then  are  we  to  ex- 
plain the  fiictsl  Mr.  Darwin  replies,  that  if  weauppoae 
the  land  to  subside  slowly  beneath  the  sea,  and  at  the 
B.-Lme  time  suppone  the  coralline  zoophytes  to  go  on 
building,  so  that  their  structure  constantly  rises  nearly 
to  the  suriace  of  the  water,  we  shall  have  the  facts 
explained.  A  submerged  island  will  produce  a  ring; 
a  long  coast,  a  barrier  reef;  and  bo  on.  Mr.  Darwiii 
also  notes  other  phenomena,  as  elevated  beds  of  coral, 
which,  occurring  in  other  places,  indicate  a  recent  rising 
of  the  land;  and  on  such  grounds  as  these  he  divides 
the  surface  of  those  parta  of  the  ocean  into  regions  of 
elevation  and  of  depression. 

The  labours  of  coralline  zoophytes,  as  thus  observed, 
form  masses  of  coral,  such  as  are  found  fossilized  in  the 
strata  of  the  earth.  But  our  knowledge  of  the  laws  of 
life  which  have  jirobably  affected  the  distribution  of 
m^ino  remain.s  in  strata,  has  received  other  very 
striking  acces.tions  by  the  labours  of  Prof.  Edward 
Forbes  in  observing  the  marine  animals  of  the  ^gean 
Sea.  He  found  that,  even  in  their  living  state,  the 
molluaks  and  zoophytes  are  already  distributed  into 
strata.  Dividing  the  depth  into  eight  regions,  from  3 
to  230  fathoms,  he  found  that  each  region  had  ita 
peculiar  inhabitanta,  which  disappeared  speedily  either 
in  ascending  or  in  descending.  The  zero  of  animal  life 
r  at  about  300  fathoma.  This  curious 
irious  wiiys  ujion  geology.  Mr.  Forbes 
n  an  ejouuple  of  the  iuod«  'm  tiVu^'A 
f 


appeared  to  oci 
result  bears  in 
himself  haa  gi^ 
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may  be  afnilied,  by  determining  the  depth  at  wUch  tlie 
submarine  eruption  took  place  which  produced  the 
volcanic  isk  of  Neokaimeni  in  1707.  By  an  esamint- 
tion  of  the  fossila  embedded  in  the  pumice,  he  shoW 
that  it  came  from  the  fourth  region.' 

To  the  moilea  iu  which  organized  beiugs  operate  in 
producing  the  materials  of  the  earth,  we  must  uU 
tboae  pointed  out  by  the  extraordinary  uiicrosoopio  di^ 
coveriea  of  Professor  BHii-enberg.  It  appears  that  whole 
beds  of  earthy  matter  oonaist  of  the  cases  of  certain 
infuBoi-ia,  the  remains  of  these  creatures  being  aceuma- 
lated  in  numbera  which  it  confounds  our  thuughu  ta 
contemplate.] 

Speculations  concerning  the  causes  of  Tolcanoesud 
earthquakes,  and  of  the  rising  and  sinking  of  land,  an 
a  higlily-important  portion  of  this  sdence,  at  least  as  &r 
as  the  calculation  of  the  possible  results  of  definite 
causes  is  concerned.  But  the  Tarious  hypotheses  wkidi 
have  been  propounded  on  this  subject  can  hardly  I* 
considered  as  sufficiently  matured  for  such  calculatiim, 
A  mass  of  matter  iu  a  state  of  igneous  fiuiou,  extend- 
ing to  the  center  of  the  earth,  even  if  we  make  such  u 
hypothesis,  requires  some  additional  cause  to  produce 
eruption.  The  suppoaition  that  this  fire  may  be  pro- 
duced by  intense  chemical  action  between  combining 
elements,  requires  further,  not  only  some  agency  to 
bring  together  such  elements,  but  some  r^ison  win 
they  should  be  originally  separate.  And  if  any  other 
causes  have  been  suggested,  as  electricity  or  magnetunn. 
this  has  been  done  so  vaguely  as  to  elude  all  possibility 
of  rigorom  deduction  from  the  hypotheaia.  The  doc- 
trine of  a  Central  Heat,  however,  has  occupied  so  oonsi- 
derahle  a  place  in  theoretical  geology,  that  it  ou^t 
undoubtedly  to  form  an  article  in  geological  dynamiea 

Seel.  4.— The  Doctrine  o/CerUrcU  IfeaL 

The  early  geological  theorists  who,  like  Leibnitt  tod 
BuObu,  assumed  that  the  earth  was  originally  a  mui 
in  a  state  of  igneous  fusion,  naturally  went  on  to  deduce 
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from  this  hTpothests,  that  tho  crust  consolidated  and 
cooled  before  the  interior,  and  that  there  might  still 
remain  a  central  heat,  capable  of  producing  nian^  im- 
portant effects.  But  it  is  in  more  recent  times  that 
we  have  measures  of  such  effects,  and  calculations 
which  we  caa  compare  with  measui-es.  It  was  found, 
as  we  have  snid,  that  in  descending  below  the  surface 
■  'f  the  earth,  the  temperature  of  its  materials  increased. 
N"<>w  it  followed  from  Fourier's  mathematical  inveati- 
rioQB  of  the  distribution  of  beat  in  the  earth,  that  if 
.  .^iTe  beuo  primitive  heat,  {chaiewr  d'origine,)  the  tem- 
peratare,  when  we  deacend  below  the  crust,  will  he 
constant  in  each  vertical  line.  Hence  au  observed 
increase  of  temperature  in  descending,  apjiesred  to 
point  out  a  central  heat  resulting  from  some  cause  now 
DO  longer  in  action. 

The  doctrine  of  a  central  heat  has  usually  been  com- 
bined with  the  supposition  of  a  central  igneous  fluidity; 
for  tbe  heat  in  the  neighbourhood  of  the  center  must 
lie  very  intense,  according  to  any  law  of  its  increase  in 
descending  which  is  consistent  with  known  j.rinciples. 
But  to  this  central  fluidity  it  has  been  objected  that 
such  a  fluid  must  be  in  constant  circulation  by  the 
cooling  of  its  exterior.  Mr.  Daniell  found  this  to  be 
the  case  in  all  fused  metals.  It  has  also  been  olijectcd 
that  there  must  be,  in  such  a  central  fluid,  tide»  ]iro- 
duced  by  the  mnoa  and  suu ;  but  this  inference  would 
require  several  additioual  suppositious  and  calculations 
to  give  it  a  precise  form. 

Again,  tlie  supjtosition  of  a  central  heat  of  the  eaHh, 
couaidereil  as  the  effect  of  a  more  ancieut  state  of»its 
mass,  appeared  to  indicate  that  its  cooling  must  still  tie 
going  on.  But  if  this  were  so,  the  earth  might  con ti-act, 
as  most  bodies  do  when  they  cool ;  and  this  contraction 
might  lead  to  mechanical  results,  as  the  shortening  of 
the  day.  I^place  satisfied  himself,  by  reference  to 
ancient  astronomical  records,  that  no  such  alteration 
iu  tbe  length  of  the  day  had  taken  place,  even  to  tho 
amount  of  one  two-hundredth  of  a  second ;  and  thus, 
there  was  here  no  confirmation  of  the  hypothesis  of  a 
primitive  heat  of  the  earth. 
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Thougt  we  find  no  eridence  of  the  secular  contnfr 
tion  of  the  enrth  in  the  obserratioiut  with  which  tttt*- 
nomy  deals,  there  are  some  geolo^cal  facts  wliidi « 
first  appear  to  point  to  the  reality  of  a  refiigenrti* 
within  geological  periods;  as  the  existence  of  ill 
remains  of  plants  and  shells  of  tropical  climates,  m  tb 
HtrBta  of  countries  wtiich  are  now  near  to  or  iridut 
the  fri^d  zones.  These  facts,  howeTer,  have  given  w 
to  theories  of  the  changes  of  climate,  which  we  loini 
consider  separately. 

But  we  may  notice,  as  connected  with  the  dodtiu 
of  central  heat,  the  manner  in  which  this  hypothn* 
has  been  applied  to  explain  volcanic  and  geologiol 
phenomena.  It  does  not  enter  into  mj  plan,  to  ceo- 
aider  explanations  in  which  this  central  heal  a  Mp- 
posed  to  give  rise  to  an  expansive  force,"  withoat  tar 
distinct  reference  to  known  physical  law-s.  Bat  w 
may  notice,  as  more  likely  to  become  osefu]  m^erbk 
of  the  science  now  before  us,  such  speculations  sa  then 
of  Mr.  Babbage;  in  which  he  combinee  the  ductrineaf 
central  heat  with  other  physical  laws;^  as,  that  *>!iil 
rocks  expand  by  hciug  h(;atcd,  but  that  clay  contracti; 
that  different  rocks  and  strata  conduct  heat  difiermtlT; 
that  the  earth  radiates  heat  differently,  or  at  differetii 
parts  of  its  surface,  according  as  it  is  covered  with 
forests,  with  mountains,  with  deserta,  or  with  irater- 
These  principles,  applied  to  large  masses,  anch  as  tbow 
which  constitute  the  crust  of  the  earth,  migbt  9** 
rise  to  changes  as  great  as  any  which  geology  dis^cM 
For  example ;  when  the  bed  of  a  sea  is  covered  by  • 
thick  deposit  of  new  matter  worn  irom  the  ahoTMi  A* 
strata  below  the  bed,  being  protected  by  a  bad  ood- 
ductor  of  beat,  will  be  heated,  and,  being  heated,  luiy 
be  expanded ;  or,  as  Sir  J.  Herschel  has  observe^  insjr 
produce  explosion  by  the  conversion  of  their  auasUn 
into  steam.     Such  speculations,  when  fouiided  on  ml 


'  Scrtipc  On  S'olcaniKi, 
'  On  Ihe  Temple  of  Straj*t,  igu.    See  klN  Jammd  ^At  M^ 
Tail,  tol,  ii.,  quoted  In  Conrb.  Bnd  Ph,  p.  «T.    I^^iU,  &B.I 

p.  38J,^^llea,l       -  ■         -- 
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datA  and  sound  c&lcnlationa,  way  hereafter  be  of  matc~ 
risi  use  in  geology. 

TLe  doctrine  of  central  Leat  and  fluidity  has  been 
rejected  by  some  eminent  philosophers.  Mr.  Lyell'a 
reasona  for  this  rejection  belong  rather  to  Theoretical 
Geology;  but  I  may  here  notice  M.  Foiason's  opinion. 
He  does  not  assent  to  the  conclusion  of  Fonrier,  that 
stDoe  the  temperature  increases  in  descending;  theru 
must  be  some  primitive  central  heat.  Ou  the  contraiy,- 
he  coDfuUera  that  such  an  increase  may  arise  from 
this; — that  the  earth,  at  some  former  ]ieriod,  passed 
(by  the  motion  of  the  solar  Bystem  in  the  universe,) 
tlirough  a  portion  of  siiace  vhich  was  wanner  thau 
the  space  in  ichich  it  now  revolves  (by  reason,  it  may 
be,  of  the  heat  of  other  stars  to  which  it  was  theu 
nearer).  lie  supposes  that,  since  such  a  [period,  the 
surface  has  cooled  down  by  tlie  influence  of  the  sur- 
rounding circumstances;  while  the  inteiior,  for  a 
certain  unknown  depth,  rebuns  the  trace  of  the  former 
elevatioQ  of  temperature.  But  this  assumption  is  not 
likely  to  expel  the  belief  in  the  terrestrial  origin  of 
the  BubtenaneouB  heat.  For  the  snp])08ition  of  sach 
m  inequality  in  the  temperature  of  the  different 
regions  in  which  the  solar  system  is  placed  at  diflferent 
times,  is  altogether  arbitrary;  and,  if  pushed  to  the 
amount  to  which  it  must  be  carried,  in  order  to 
aooouut  for  the  phenomenon,  is  highly  improbable.^ 
Tlie  doctrine  of  central  heat,  on  the  other  hatid,  (which 
need  not  be  conceived  as  implying  the  uuiversfd 
fluidity  of  the  mass,)  is  not  only  naturally  suggested 
by  Uie  BUhterraneous   increase  of  tempera  tuns,  but 

■  For   Uila     h^polbeilt    would  the  tolir  lyitcin,  gnaWr  thin  ili« 

Kflkvft  Be«MU7  lo  (npi-OM  Eh*l  effect  of  Ihc  ion.     Sow  idcIi   ■ 

Oia  Hitb   bt*.  Hi    tome  former  put  openlion  of  form.  Bllcd  (o 

parfaid,  a«ri»td  from  uine  other  oWilfnte  BllorderMd  •jTnniulr)'. 

alar  or  flan  more  heil  Ihma  tlie  ii    qnile    ]QMini»leiil    with 

BOW  dniTn  rrom  the  lun.     But  •imple,  regular.  idiI  »;niititti 

tUi  woold  Imply,  u  hlglily  pro*  reUtion   whlcli    Ihs  «Iid1«   t 

baUt-tbU  >t  ntne  period  Kinie  tygtem,  u  fir  it  rnnui.ben] 

Other  •!»  or  itan  must  bive  pro-  ttie  prcKiit  ccmrtl  bodj . 
^MJ  tUom  aitatamieai  eBitt  upon 
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explains  tbe  Bpheraidal  figure  of  the  earth;  andUk  I 
in  with  almmit  imj  theory  which  can  be  densedirfJ 
volc&noes,  earthqu^es,  and  great  geological  c 
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—Problems  rttpeelinff  Elevatumi  ffl 
CryttaUine  forcu. 


Other  prolilems  respecting  the  forces  by  which  | 
masses  of  the  enrth'e  cnist  have  been  displaced, 
also  been  solved  by  various  mathetnaticimu.  li  .^ 
bvien  maintiUDed  by  Von  Buch  that  there  occoTi  n 
various  places,  cralirg  of  elfvation;  that  is,  maonuii- 
masses  resembling  the  craters  of  volcanoes,  but  twDj 
produced  by  an  expfmsive  force  from  below,  bonti^ 
an  aperture  through  horizontal  strata,  and  eJentief 
them  in  a  conical  form.  Against  this  doctrine^  M 
exemplified  in  the  moat  noted  ijastances,  strong  itpt 
ments  have  been  adduced  by  other  geologista  Yit 
the  protrusion  of  fused  rock  by  3ubt«rraiieana  foiat 
upon  a  large  scale  is  not  denied:  asd  how  &r  tb* 
examples  of  snch  operations  may,  in  any  rwii.  b( 
termed  craters  of  elevation,  must  be  considered  a  i 
question  not  yet  decided.  On  the  suppodtion  of  tk 
truth  of  Ton  Buch's  doctrine,  M.  do  Beaumont  1m 
calculated  the  relations  of  ]X)sition,  the  fiasorea,  Jtc, 
which  would  arise.  And  Mr.  Hopkins,"  of  Cambridge 
has  investigated  in  a  much  more  general  manner, 
nj-jon  mechanical  principles,  the  laws  of  the  elevatioa^ 
fissures,  faults,  veins,  and  other  phenomena  wUd 
would  result  from  an  elevatory  force,  acting  simul- 
taneously at  every  point  beneath  extensive  pc^tioni  of 
the  crust  of  the  earth.  An  application  of  matbenu' 
tical  reasoning  to  the  illustration  of  the  phenomena  of 
veina  had  before  been  made  in  Germany  by  Schmidt 
and  Zimmerman.'**  The  conrJusions  which  Mr.  HopAiiu 
has  obtained,  respecting  the  two  seta  of  fissures,  il 
right  angles  to  each  other,  which  would  in  genml  be 
produced  by  such  forces  as  he  supposes,  may  suggwl 


ting  points  of  examination  respecting  the  geo- 
gieal  phenomena  of  fissured  districts. 

iJnd  Ed.]  (The  theory  of  craters  of  elevation  pro- 
ly  errs  rather  by  maHng  the  elevation  of  a  point 
to  a  particular  class  of  volcanic  agency,  than  by 
ring  viilcauic  agency  too  great  a  power  of  elevation. 
A  mature  consideration  of  the  subject  will  make  us 
sitate  to  ascribe  much  valae  to  the  labours  of  those 
riters  who  have  applied  mathematical  reasoning  to 
ological  qnestioos.  Such  reasoning,  when  it  is 
rried  to  the  extent  which  requires  symbolical  pro- 
ves, has  always  been,  I  conceive,  a  Bouroe,  not  of 
lowledge,  but  of  errour  and  confusion;  for  in  such 
plications  the  real  questions  are  slurred  over  in  the 
potbetical  assumptions  of  the  mathoDiatician,  while 
B  calculation  mideads  its  followers  by  a  false  aspect 
demonstration.  All  symboLcal  reasoaiugH  concern- 
;  the  fissures  of  a  eeoii-rigid  msBs  produced  by 
pvatory  or  other  forces,  appear  to  me  to  have  turned 
t  ^ueleas.  At  the  same  time  it  cauuot  be  too 
■ongly  borne  in  mind,  tliat  mathematical  and  me- 
inicol  habits  of  thought  are  requisite  to  all  clear 
inking  on  such  subjects.] 

Other  forces,  still  more  obscure  in  their  nature  and 
ra,  have  played  a  very  important  part  in  the  forma- 
<D  of  the  earth's  crust.  I  si)eak  of  the  forces  by 
lich  the  crystalline,  slaty,  and  jointed  structure  of 
nersl  masses  lias  been  produced.  These  forces  are 
)bably  identical,  on  the  one  hand,  with  the  cohesive 
■cea  from  which  rocks  derive  their  soUdity  and  their 
yaical  pro])erties ;  while,  on  the  other  hand,  they  are 
aely  connected  with  the  forces  of  chemical  attraction. 
)  attempts,  of  any  lucid  and  hopeful  kind,  have  yet 
en  made  to  bring  anch  forces  under  definite  mecha- 
al  conceptions :  and  perhaps  mineralogy,  to  which 
ence,  as  the  point  of  junction  of  chemistry  and 
rstallography,  such  attempts  would  belong,  is  hardly 
t  ripe  for  such  speculations.  But  when  we  look  at 
3  universal  prevalence  of  crystalline  forms  and 
»vages,  at  the  extent  of  the  phenomena  of  slaty 
avage,  and  at  the  legregation  oi  special  minerals 
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iuto  TeinH  atid  nodules,  which  haa  taken  place  in  mm* 
unknown  niaiuier,  -ve  cannot  doubt  that  the  forceetf 
which  we  now  speak  have  acted  very  widely  and  mtf 
getically.  Any  elucidation  of  their  nature  would  U 
an  iinportant  st«p  in  Geological  Dynamics. 

[and  Ed.]  [A  point  of  Geolf^cal  Dynamics  of  grcft 
importance  is,  the  change  which  rocks   tindery  itt 
Btnioturii  after  they  are  deposited,  either  by  the  netica 
of  subteiraneoiiB  heat,  or  by  the  influence  of  cijv 
talline  or  other  corpuscular  forces.     By  such  agenda 
Rudimentary  rocks  may  he  conveiteJ  into  cryatoUinc, 
the  traces  of  organic  fowtils  may  be  obliterated,  a  slaty 
cleavage  may  be  produced,  arid  other  like  eSVcts.   The 
poBBibility  of  such  changes  was  urjjed  by  Dr.  Hutt^n 
in  his  Theory;  and  Sir  James  Hall's  very  inetmctiTe 
and  striking  ejtperimeuts  were  made  for  the  purpose 
of  illuiitratiDg  this  theory.      In   theoe  ex[>erinieQl£, 
powdered  chalk  was,  by  the  a]}plication  of  heat  under 
preasuru,  converted  into  crystalline  calcspar,     Afb^ 
wards   Dr.   McCullooh's    labours  had   an    important 
influence  in  satisfyiBg  geologists  of  the  reality  of  cor-    I 
responding  changes  in  nature.     Dr.  McCulloi^,  by  his    1 
veiy  lively  and  copious  descriptions  of  volcanic  regioM,    I 
by  his  representations  of  them,  by  his  claseification  nf    I 
igneous  rocks,  and  hiu  comprehensive  views  of  the 
phenomena  which   tliey   exhibit,   probably   was  the    | 
means  of  conveiling  many  geologists  from  the  Wer- 
nerian  opinions. 

Rocks  which  have  undergone  changes  ^nce  they 
were  deposited  are  termed  by  Ur.  LyeU  ntetamorphie. 
The  great  extent  of  metamorphic  rock  chaiigMl  by 
beat  is  now  uncontested.  The  internal  changes  which 
are  produced  by  the  CFjrgtaJline  forces  of  mountain 
masses  have  boon  the  subjects  of  important  and  com- 
prehensive speculations  by  Professor  Sedgwick.] 

Sect.  6. — Tlteoriea  of  Cliangea  qf  Climate. 

As  wo  have  already  stated,  Geology  offers  to  us  strong 
evidence  that  the  climate  of  the  ancient  [>erioda  of  the 
earth's  history  was  hotter  than  that  wliich  now  ^dsta 
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fe  aame  coantrit».  This,  and  other  circnnistance^ 
9  led  geologists  to  the  inTestigation  of  the  effects 
ay  hypothetical  causes  of  such  changes  of  condition 
eapcct  of  heat. 

he  love  of  the  contemplation  of  geometrical  sym- 
ry,  as  well  as  other  reasons,  suggested  the  hypo- 
is  that  the  eai-th'a  axis  had  originally  no  obliquity, 
waa  peqiendicular  to  the  equator.  Such  a  con- 
ction  of  the  world  had  beea  thought  of  before  the 
!  of  Milton,"  as  what  might  be  supposed  to  have 
ted  when  mau  waa  expelled  from  Faraditie;  aud 
uet,  in  his  Sacreri  T/ieorj/  0/  the  Earth,  (1690,) 
jted  this  notion  of  the  paradisiacal  condition  of 

The  spring 
Perpetnal  smiled  an  enrth  with  venliiiit  Bowen, 
Equal  in  dnya  luid  oighta. 

^'  modem  times,  too,  some  persona  have  been 
■Med  to  adopt  this  hypothesis,  because  they  have 
teived  that  the  present  polar  distribution  of  light 
iconaistent  with  the  production  of  the  fossil  plants 
di  are  found  in  those  regions,^*  even  if  we  could, 
ame  other  way,  account  for  the  change  of  tempe- 
ire.  Bot  this  alteratiou  in  the  axis  of  revolution 
d  not  take  place  without  a  subversion  of  the  equi~ 
um  of  the  surface,  such  as  does  not  ajipcar  to  have 
irred;  and  the  change  has  of  late  been  generally 
ored  impossible  by  physical  astronomers. 
he  effects  of  other  astronomical  changes  have  been 
ulated  by  Sir  John  HerscheL  He  has  examined, 
instance,  the  thermotical  consequences  of  the 
inntion  of  the  eccentricity  of  the  earth's  orbit, 
3h  has  been  going  on  for  ages  beyond  the  records 
liatory.  He  finds '^  that,  on  this  aocount,  the 
ul  effect  of  solar  radiation  would  increase  as  we 
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go  back  to  remoter  jieriods  of  the  pa^t;  but  (| 
at  least)  not  in  a  degree  sufficient  to  acoonnt 
apparent  past  cbangea  of  climate.     Ho  finds,  ~ 
that  though  the  effect  of  this  change  un  t 
temperature  of  the  year  may  be  small,  the  elfect 
the  extreme  temperature  of  the  seasons  will  be  mndi 
more  considerable;  '  bo  as  to  produce  altematetj,  in 
tlie  same  latitude  of  either  hemisphere,  a  peqvtual 
spring,   or   the   extreme    vicissitudes    of   a    burniag 
summer  and  a  rigorous  winter.''* 

Mr.  Lyell  has  traced  the  consequences  of  another 
hj^othesis  on  this  subject,  which  appears  at  first  light 
to  promise  no  very  striking  results,  but  which  yet  a 
found,  upon  exiiniination,  to  involve  adequate  camn 
of  very  great  changes ;  I  refer  to  the  supposed  varintu 
distribution  of  land  and  water  at  different  periods  of 
the  earth's  history.  If  the  land  were  all  gathered  into 
the  neighbourhood  of  the  poles,  it  would  become  [he 
seat  of  constant  ice  and  snow,  and  would  thus  t«it 
greatly  reduce  the  temperature  of  the  whole  surfiiM  of 
the  globe.  If,  on  the  other  hand,  the  polar  regions 
were  principally  water,  while  the  tropica  were  occupied 
with  a  belt  of  land,  there  would  be  no  part  of  tie 
earth's  surface  on  whicli  the  frost  could  &3ten  a  finu 
hold,  while  the  torrid  zone  would  act  lUce  a  furnace  to 
beat  the  whole.  And,  supposing  a  cycle  of  terreBtritl 
changes  in  which  these  conditions  should  succeed  tiA 
other,  the  winter  and  summer  of  this  'great  jwr,' 
might  differ  much  mora  than  the  elevated  temperatnra 
which  we  are  led  to  ascribe  to  former  periods  of  the 
globe,  can  he  judged  to  have  differed  from  the  preeeot 
state  of  things. 

The  ingenuity  and  plausibility  of  this  theory  cannot 
be  doubted :  and  perhaps  its  results  may  hereatter  be 
found  not  quite  out  of  the  reach  of  calculation.  Some 
progress  lias  already  been  made  in  calculating  the  moTe- 
ment  of  heat  into,  through,  and  out  of  the  eartL;  but 
when  we  add  to  this  the  effects  of  the  currents  of  tiia 
ocean  and  the  atmosphere,  the  problem,  thus  iuvoli 
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BO  mBcj  tbermotical  and  atraologicat  lavm,  operating 
under  complex  conditions,  is  undoubtedly  one  of  eX' 
treme  didicultj.  Still,  it  is  sometliing,  in  this  as  in  all 
cases,  to  have  the  problem  even  stated;  and  none  of 
the  elements  of  the  solution  appears  to  be  of  such  ft 
nature,  that  we  need  allow  ourselves  to  yield  to  despair, 
respecting  the  possibility  of  dealing  with  it  in  a  useful 
manner,  as  ovir  knowledge  becomes  more  complete  and 
definite. 


CHAPTER  VI. 


,  of  this  Scu^H^. 

PERHAPS  in  extending  the  term  Geoloi/ical  Dfna- 
mid  to  the  caiiscB  of  changes  in  organized  beings, 
1  shall  be  thought  to  be  employing  &  forced  and  inotm- 
Tenient  phraseology.  But  it  will  be  found  that,  ia 
order  to  treat  geology  in  a  truly  scientific  manner,  wt 
must  bring  together  all  the  cl&ssea  of  speculatioiu 
concerning  known  cansea  of  change;  and  the  Orgiiuo 
Dynamics  of  Geology,  or  of  Geography,  if  the  rt»da 
prefers  the  word,  appears  not  an  inappropriate  phnn 
for  one  part  of  this  body  of  researches. 

As  has  already  been  said,  the  species  of  plants  and 
animals  which  are  found  imbedded  in  the  strata  of  the 
earth,  are  not  only  different  from  those  which  now  live 
in  the  same  regions,  but,  for  the  most  part,  different 
from  any  now  existing  on  the  feee  of  the  earth.  The 
remains  which  we  discover  imply  a  past  state  of  things 
different  from  that  which  now  prevails ;  they  imply  alto 
that  the  whole  organic  creation  has  been  renewed,  and 
that  this  renewal  has  taken  place  several  timea.  Smdi 
extraordinary  general  facts  have  naturally  pat  in 
activity  very  bold  speculations. 

But,  as  1u>s  already  been  said,  wo  cannot  speculate 
upon  such  facts  in  the  past  history  of  the  globe,  with- 
out taking  a  large  survey  of  its  present  condition, 
Does  the  present  auiual  and  vegetable  population  differ 
from  the  past,  Id  the  same  way  in  which  the  products 
of  one  region  of  the  existing  earth  differ  from  those  of 
anotherl  Can  the  creation  and  diffuaion  of  the  foaal 
B]>ecies  be  expIuaTied  in  the  same  manner  as  the  creation 
and  diffusion  of  the  creatures  among  which  we  livel 
And  these  (\\iestvHia  IcaA  via  on.'Ka.rda  another  s 
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k, — Wliat  are  the  laws  by  wliicli  the  plants  and 
imals  of  difi'erent  p&rti  of  the  eartli  differ?  What 
ia  the  maimer  in  which  they  wore  originally  diffused^ 
-Thtia  we  have  to  include,  aa  portions  of  our  subject, 
e  Gtography  of  Plantg,  and  of  Animnls,  and  the 
ietory  of  their  change  and  diffusion  ;  intending  by  the 
tter  subject,  of  course,  poltetidogical  History, — the 
lamination  of  the  cauaes  of  what  has  occuired,  and 
le  inference  of  past  eventa,  fi-om  what  we  know  of 

It  ia  unnecessary  for  me  to  give  at  any  length  a 
atement  of  the  probiema  which  are  included  in  these 
•anches  of  science,  or  of  the  progress  which  has  been 
ade  in  them;  since  Mr,  Lyell,  in  his  Priiiciplea  of 
ivj^o^,  bos  treated  these  aubjecta  in  a  veryable  manner, 
td  in  the  same  point  of  view  in  which  I  am  thus  led 
I  consider  them.  I  will  only  briefly  refer  to  some 
tints,  availing  myself  of  his  labours  and  his  ideas. 

Stct.  2.-~~GeograpIiy  of  Plants  anul  Anivteds, 
'iTH  r^prd  both  to  plants  and  animals,  it  appeaia,' 
lat  besides  auch  differences  in  the  products  of  ditferent 
giona  as  we  may  naturally  suppose  to  be  occasioned 
t  climate  and  other  external  causes;  an  examination 
'  the  whole  organic  population  of  the  globe  leads  us 
I  consider  the  earth  aa  divided  into  prom,nce»,  each 
■ovince  being  occupied  by  ite  own  group  of  apecies, 
id  these  groups  not  being  mixed  or  interfused  among 
«h  other  to  any  great  extent.  And  thus,  as  the  earth 
occupied  by  various  nations  of  men,  each  appearing, 
first  aight,  to  be  of  a  different  atock,  ao  each  other 
ibe  of  living  things  is  scattered  over  the  ground  in  a 
tnilar  manner,  and  distributed  into  its  separate  naltoTis 
.  distant  countries.  The  places  where  species  are  thus 
tculiarly  found,  are,  in  the  case  of  plants,  called  their 
aiions.  Yet  each  species  in  its  own  region  lovea  and 
lects  some  peculiar  conditions  of  shade  or  exposure, 
lil  or  moisture:  its  ]:lnce  defined  by  the  general  de- 
riptiou  of  such  couditiooa,  is  called  its  ha/iUatian. 
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Not  only  each  Bpeciea  th\i8  placed  in  its  own  provinec^ 
has  its  poBitioB  further  fixed  by  it«  own  habits,  but 
more  general  groups  and  asaemblages  are  foond  to  ht 
determined  in  their  aituation  by  more  general  con- 
ditions. Thiia  it  is  the  character  of  the  fiora  of  »  ixrf- 
lection  of  islands,  scattered  through  a  wide  ocean  in  1 
tropical  and  humid  climate,  to  coutaia  an  immone 
preponderance  of  tree-fermi.  In  the  eame  way,  the 
situation  and  depth  at  which  certain  genera  of  ahdlf 
are  found,  have  been  tab\ilated'  by  Mr.  Braden[k 
Such  general  inferences,  if  they  can  be  securely  nuul^ 
are  of  extreme  iutereat  in  their  bearing  on  geologial 
speculations. 

The  means  by  which  plants  and  animals  are  no* 
ditfused  from  one  place  to  another,  have  been  well 
described  by  Mr,  Lyelh'  And  he  has  considered  also, 
with  due  attention,  the  manner  in  which  they  become 
imbedded  in  mineral  deposits  of  various  kintls.*  He 
has  thus  followed  the  hiatory  of  organized  bodies,  from 
the  germ  to  the  tomb,  and  thence  to  the  cabinet  of  the 
geologist. 

But,  besides  the  fortunes  of  individual  plants  ud 
animals,  there  is  another  class  of  questions,  of  great 
interest,  but  of  gi-eat  difficulty; — ^the  fortunes  of  each 
species.  In  what  manner  do  species  which  were  not, 
begin  to  bo?  as  geology  teaches  us  that  they  many 
times  have  done;  and,  as  even  our  own  reasooinp 
convince  us  they  most  have  done,  at  least  in  thecaieof 
the  speoies  among  which  we  live. 

We  here  obviously  place  beftwe  us,  as  a  subject  of 
research,  the  Creation  of  Lii-ing  Things;— a  subject 
shrouded  in  mystery,  and  not  to  be  approached  with- 
out reverence.  But  though  we  may  conceive,  that,  00 
this  subject,  we  are  not  to  seek  our  belief  from  scieDce 
alone,  we  shall  find,  it  is  asserted,  within  the  limits 
of  allowable  and  unavoidable  speculation,  many  curious 
and  important  problems  which  may  weU  employ  our 
physiological  stcJU.     For  example,  we  may  askj—Jiov 
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n  are  to  recognize  the  species  whicb  were  origmally 
rested  distinct  1 — whether  the  population  of  the  earth 
t  ODe  geologictLl  epoch  could  pass  to  the  form  which  it 
as  at  a  aucceedJDg  period,  by  the  agency  of  natural 
luses  alonel — and  if  not,  what  other  account  we  can 
ive  of  the  succession  which  wc  find  to  have  taken 

The  most  remarkable  point  in  the  attempts  to 
nswer  these  and  the  like  questions,  is  the  controversy 
etween  the  advocates  and  the  opponents  of  the  doc- 
rine  of  the  lran*t/iutitlion  ofspftnes.  This  question  is, 
ven  fixim  its  mere  physiolt^cal  imjwrt,  one  of  great 
itereat;  and  the  interest  is  much  enhanced  by  our 
eolc^cal  researches,  which  again  bring  the  question 
efore  us  in  a  striking  form,  and  on  a  gigantic  scale. 
Ve  shall,  therefore,  briefly  state  the  point  at  issue. 

Sect.  3. — Quegtion  o/the  Transmutation  ofSpedet. 

Ve  see  that  animals  and  plants  may,  by  the  influence 
f  breeding,  and  of  external  agents  operating  upon 
heir  constitution,  be  greatly  modified,  so  as  to  give 
ifie  to  varieties  and  races  difiVrent  from  what  before 
idated.  How  dilfei'ent,  for  instance,  is  one  kind  and 
ireed  of  dog  from  another !  The  question,  then,  is, 
fb ether  organized  beings  can,  by  the  mere  working  of 
latural  causes,  pass  from  the  type  of  oi\e  species  to 
hat  of  another  1  whether  tlie  wolf  may,  by  domestica- 
ion,  become  the  dogi  whether  the  ouraug^oubrng 
aay,  by  the  power  of  external  circumstaucea,  be 
irought  within  the  circle  of  the  human  species  ?  And 
he  dilemma  in  which  we  are  placed  is  this; — that  ii' 
pecies  are  not  thus  interchangeable,  we  must  suppose 
lie  fluctuations  of  which  each  species  is  capable,  and 
vhich  are  apparently  indefinite,  to  bo  bounded  by 
'igorous  limits ;  whereas,  if  we  allow  such  a  traiu- 
naitat-ion  of  gpeciea,  we  abanJon  that  belief  in  the 
idaptation  of  the  structure  of  every  creature  to  its 
lestined  mode  of  being,  which  not  only  moat  persons 
rould  give  up  with  repugnance,  but  which,  aa  ■»•% 
■are  seen,  has  oonetaatJy  and  irreeistilo^j  Vm^T^w^. 


itself  on  tlie  minds  of  the  best  naturalista,  M  tLo  in* 
view  of  the  order  of  " 

But  tho  study  of  Geology  opens  to  hs  the  Bi>ertiiilt 
of  many  groups  of  species  which  have,  in  the  ccdiwJ 
the  earth's  history,  succeeded  each  other  at  vast 
vols  of  time;  one  set  of  animalB  and  plants 
ing,  as  it  would  seem,  fmm  the  face  of  our  planet,  avd 
others,  which  did  not  before  exist,  becoming  the  onlj 
oocupantB  of  the  globe.  And  the  dilemma  then  pn- 
86nt8  itself  to  UB  anew: — either  we  must  accept  tlie 
doctrine  of  tho  transmutAtion  of  speciea,  and  ubei 
suppose  that  thu  organized  species  of  one  geolo^«I 
epoch  were  transmuted  into  those  of  another  by  some 
loug-coutinued  agency  of  natural  causes;  or  dae,  we 
must  believe  in  many  succestuve  acta  of  creation  ud 
extinction  of  species,  out  of  the  common  courae  of 
nature;  acts  which,  therefore,  wo  may  properly  call 
miraculons. 

This  latter  dilemma,  however,  is  a  question  eon- 
ceming  the  facta  which  have  hap]>ened  in  the  hiatuiy 
of  the  world ;  the  deliberation  respecting  it  belongs  to 
physical  geology  itself,  and  not  to  that  subudiaiy 
science  which  we  are  now  describing,  and  which  ii 
concerned  only  with  such  causes  as  we  know  to  be  in 
constant  and  orderly  action. 

The  former  que-stion,  of  the  limited  or  nnliimltd 
extent  of  the  modifications  of  animals  and  plants  lisi 
received  full  and  careful  consideration  from  eminmt 
physiologists :  and  in  their  opinions  we  find,  I  think, 
an  indisputable  preponderance  to  that  decision  whkb 
rejects  the  transmutation  of  species,  and  which  aocejiU 
the  former  side  of  the  dilemma;  namely,  that  Uj« 
changes  of  which  each  species  is  susceptible,  thougb 
diffi-cult  to  define  in  words,  are  limited  in  fact.  It  ii 
extremely  interesting  and  sBtisfaclory  thus  to  receJTa 
an  answer  in  which  wo  can  confide,  to  iuquiries  eeetti' 
ingly  so  wide  and  bold  as  those  which  tliiit  subject 
involves.  I  refer  to  Mr.  Lyell,  Dr.  Prichard,  Mr. 
Lawrence,  and  others,  for  the  history  of  the  discussiou, 
and  for  the  grounds  of  the  deoisuon;  and  I  shall  i|uot« 
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iefty  tlie  main  points  and  conulusiona  to  wIul-U 

quiry  has  led.'' 

nay  be  conaidered,  then,  an  detenniDed  by  the 
^tMlance  of  pbysiological  authority,  that  thei'i!  is  a 
city  in  aJl  Bjieciee  to  accommudate  tlieuiaelveH,  to 
tain  e^itent,  to  a  cbange  of  external  circumstanoea; 
extent  varying  greatly  according  to  the  apeciea. 
rv  may  thus  arise  changes  of  appearance  or  atruo 
,  and  some  of  these  changes  are  transmisaible  to 
ofispring:  but  tlie  mutations  thus  superinduced 
governed  by  constant  laws,  and  contined  within 
dn  limits.  Indefioite  divei^eaee  team  the  original 
is  not  possible ;  and  the  extreme  limit  of  possibiu 
ktion  may  nsually  be  reached  in  a  brief  period  of 
:  in  shoit,  »peeie»  have  a  real  exigtence  in  nature, 
a  transmutation  from  one  to  another  does  not 

lius,  for  example,  Cuvier  remarks,  tiiat  notwitb- 
ding  all  the  differences  of  size,  ap|)earance,  and 
ts,  which  we  find  in  the  dogs  of  various  races  and 
itries,  and  though  we  have  (in  the  Egyptian 
imies)  skeletonH  of  this  animal  as  it  existed  three' 
aaod  years  ago,  the  relation  of  the  bouea  to  each 
r  remains  essentially  tbe  same ;  and,  with  all  the 
itiea  of  their  shape"  and  size,  there  are  cliaracters 
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certain  Umits,  however,  as  we  have  said, 
mal  oircumstaDCOH  prodace  changes  in  tbe  forms 
■^anized  beings.  The  causes  of  change,  and  tbe 
and  limits  of  their  effects,  as  they  obtain  in  the 
jog  state  of  tbe  organic  creation,  are  in  the 
eat  degree  interesting.  And,  as  has  been  already 
gated,  the  knowledge  thus  obtiuned,  has  been 
led  with  a  view  to  explain  tbe  origin  of  tbe  exist- 

Lr«U,  U.  111.  «.  It. 


HISTOEY  OF  OEOLOOT. 

ing  popnlatiob  of  the  vorld,  ani)  the  snccesaioii  of  it 
past  cooditioDa.  But  those  who  have  attempted  mA 
an  cxplaoEttioQ,  have  fouud  it  uecesaiuy  to  urama 
certain  additional  laws,  io  order  to  eiuible  tbemselta 
to  dedaoe,  from  the  tenet  of  the  tntusmutabili^  of 
the  apecios  of  organized  beinjp,  such  a  state  of  dungi 
BS  wo  see  about  us,  and  such  a  succession  of  state*  u 
is  evidenced  by  geolo^cal  researches.  And  iwK, 
again,  we  are  brought  to  questions  of  which  we  mosl 
seek  the  answers  from  the  moat  profound  ph^olo^sb^ 
Now  referring,  as  before,  to  thoae  which  sp]>ear  to  be 
the  best  authorities,  it  is  found  that  these  addiUond 
positive  laws  are  still  more  inaiiiiuaBiblo  than  tlw 
primary  assumption  of  iudeSnite  capacity  of  changt.' 
For  example,  in  order  to  account,  on  this  lij  [iiilliiwi, 
for  the  seeming  adaptation  of  the  endowments  of 
animals  to  their  wants,  it  is  held  that  the  endowmeott 
are  the  result  of  the  wants; — that  the  swiftness  of  the 
antelope,  the  claws  and  teeth  of  the  lion,  the  tronk  of 
the  elephant,  the  long  neck  of  the  giraffe,  have  bcea 
produced  by  a  certain  plastic  character  in  ihe  coiuti- 
tution  of  animals,  operated  upon,  for  a  long  count  of 
ages,  by  the  attempts  which  these  animaU  made  U 
attain  objects  which  their  previous  organizatioD  did 
not  place  witltin  their  reach.  In  this  way,  it  is  main- 
tained that  the  most  striking  attributes  of  aninuli, 
those  which  apparently  imply  most  clearly  the  pro- 
viding skill  of  their  Creator,  have  been  brought  forti 
by  the  long-rejieated  efforts  of  the  creatures  to  attain 
the  object  of  their  desire;  thus  animals  with  the 
highest  endowmenta  have  been  gi-adually  dereloped 
trom  ancestral  forms  of  the  most  limited  orgaaiKotion: 
thus  fish,  birds,  and  beasts,  have  grown  from  •mail 
gelatitwus  bodies,  'petits  corps  gelatjneux,*  posaeaaing 
some  obscure  principle  of  life,  and  the  capaci^  of 
developement;  and  thus  man  himself  with  all  bis 
intellectual  and  moral,  as  well  as  physical  privU^n, 
hoA  been  derived  bom  some  creature  of  the  ape  or 
baboon  tribe,  urged  by  a  constant  tendency  to  impiore, 
or  at  least  to  alter  his  condition. 
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kaHj,  at  this  result,  it  is  oeoessary  to  assume, 
l«e  a  mere  capacity  for  change,  other  positive  aud 
ne  principles,  some  of  which  we  may  notice^  Thus, 
Dusb  have,  ad  the  direct  productions  of  nature  on 
'|)Oth«aia,  certiun  mouails  or  rough  draughts,  the 
rudimentf  of  plants  and  animala.  We  must 
these,  a  consent  tendency  to  progrr^ive  im- 
to  the  attaiument  of  higher  powers  and 
itms  than  they  possess ;  wliioh  tendeucy  is  ^sin 
etiudly  modified  and  controlled  by  the  Jbroe  of 
■nai  cireuTogtattcea,  And  in  order  to  acoount  fur 
simultaneoua  existence  of  animals  in  every  stage 
lijs  imaginary  progress,  we  niuHt  su|i|)Ose  that 
ire  is  ooQipeUed  to  be  oofuCiaUly  prodncing  those 
tentary  beings,  &om  which  all  animals  alt-  succes- 
ly  developed. 

need  not  stay  to  point  out  how  extremely  arbitniry 
y  part  of  this  scheme  is ;  and  how  complex  its  ma- 
ery  would  be,  even  if  it  did  account  for  the  facts. 
isy  be  sufficient  to  observe,  as  othere  have  done,^ 
the  capacity  of  change,  and  of  being  iiifluenoed  by 
mal  circunistancea,  such  as  we  really  find  it  ta 
ire,  and  therefore  such  as  in  science  we  must  repr&- 
it,  is  a  tendency,  not  to  improve,  but  to  deteriorate, 
species  are  modified  by  external  causes,  they 
lly  degenerate,  and  do  not  advance.  And  there  is 
nstance  of  a  species  acquiring  an  entirely  new 
%  &culty,  or  or^an,  in  addition  to,  or  in  the  place 
hat  it  had  before 

>t  only,  then,  is  the  doctrine  of  the  transmutation 
ecies  in  itself  disproved  by  the  best  physiological 
>niuga,  but  the  additional  assumptions  which  are 
isite,  to  enable  its  advocates  to  apply  it  to  tha 
uuLtioD  of  the  geolo^col  end  other  phenomena  of 
larth,  are  altogether  gratuitous  and  fantastical. 

the  judgment  to  which  we  are  led  by  tha 
lination  of  the  dittcussions  whioh  liavu  taken  plauo 
lis  subject.  Yet  in  cerbain  speoulationH,  iicuauuuod 
ifi  discovery  of  the  .'iivaliieriam,  a  new  foMil  auimaL 
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from  the  Sub-Himalaya  mountein*  <^  Indu,  M.  Oeoflhf 
Saint^Hilaire  epoakB  of  the  belief  m  the  iuiniutalH% 
of  epecicB  na  a  conviction  whicli  is  fading  swbt  &«■ 
men's  minds.  Ue  speaks  too  of  the  termination  (tftb 
age  of  Cuvier,  '  la  cloture  du  ai&cle  de  Cjivier,"  aiid  «t 
the  commencement  of  a  better  zoological  philceoplif.' 
But  though  he  expresses  himself  with  great  aninutiin, 
I  do  not  perceive  that  he  adduces,  in  support  of  )a» 
peculiar  opiuions,  any  arguments  in  addition  to  thw 
which  he  urged  during  the  lifetime  of  Cuvier,  And 
the  reader*  may  recollect  that  the  consideration  of  tlal 
controversy  led  us  to  very  different  anticipations  btm 
his,  respecting  the  probable  future  progress  of  pbjs- 
ology.  The  discovery  of  the  Sivatherium  supplies  oe 
particle  of  proof  to  the  hypothesis,  that  the  exisliiig 
species  of  auimals  are  descended  from  extinct  creatnra 
which  are  specifically  distinct:  and  vre  cannot  tct 
more  wisely  than  in  listening  to  the  advice  of  that 
eminent  naturalist,  HL  de  Blainville.'"  '  Against  tliii 
hypothesis,  which,  up  to  the  present  time,  I  r^ard  m 
purely  gratuitous,  and  likely  to  turn  geologists  out  of 
the  sound  and  eicellent  road  in  which  they  now  sre,  I 
willingly  raise  my  voice,  with  the  most  absolute  con- 
viction of  being  in  the  right.' 

[and  £d.1  [The  hypothesis  of  the  progressi' 
lopement  of  species  has  been  urged  recently, 
nexion  with  the  physiological  tenet  of  Tiedemann  and 
De  Serrea,  noticed  in  B.  s\^I.  c.  vii.  sect.  3 ; — uamely, 
that  the  embiyo  of  the  higher  forms  of  animal^  pwoM 
by  gradations  through  those  forms  which  are  penna- 
nent  in  inferior  animals.  Assuming  this  tenet  as  exut, 
it  has  been  maintained  that  the  higher  animals  whid 
are  found  in  the  more  recent  strata  may  biive  been 
produced  by  an  ulterior  devclopement  of  the  lower 
forms  in  the  embryo  state;  the  circumstances  b«iiig 
such  as  to  favour  such  a  devclopement.  But  all  tbe 
best  phytuologiste  agree  in  declaring  that  such  an  ei- 
tiuordinary  developement  of  the  embryo  is  ' 
with  physiological  possibility.    Even  if  the 
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£Be  embryo  in  time  liiive  a  general  correspondencB 
th  tbe  order  of  animal  forma  as  more  or  less  perfectly 
^nizcil,  (wbit-h  ia  true  in  an  extremely  incomplete 
d  inexikct  degree,)  this  correspondence  must  be  con- 
lered,  not  as  any  indicAtton  of  cauBulity,  but  as  one 

those  marks  of  uoirerGal  analogy  and  Bjuimetry 
licb  are  stamped  upon  every  part  of  the  creation. 
Mr.  Lyell "  notices  this  doctrine  of  Tiedeiuann  and 
J  Serres ;  and  obaerves,  that  though  nature  presents  us 
tb  cases  of  animal  fonua  degraded  by  incomplete  de- 
lopement,  she  ofTera  none  of  forma  exalted  by  extraor- 
ituy  developement.  Mr.  LyeH'aowii  hypothesis  of  the 
trodnction  of  new  species  upon  the  earth,  not  having 
J  phyaiologinil  basia,  hardly  belongs  to  this  chapter.] 

Seet.  5. — QtitaUon  o/Creallim  as  related  to  Science. 
JT  since  -we  reject  the  pi-oduction  of  new  a|)cciea  by 
aajoA  of  external  influence,  do  we  then,  it  may  be 
ked,  &cce]>t  the  other  aide  of  the  dilemma  which  we 
ive  stated ;  and  adroit  a  series  of  creations  of  sjiecies, 
-some  jKHver  beyond  that  which  we  trace  in  the  ordi- 
try  course  of  nature? 

To  this  question,  the  history  and  analogy  of  science, 
conceive,  teach  us  to  reply  as  follows: — All  palie- 
alogical  sciences,  all  speculations  which  attempt  to 
cend  irom  the  present  to  the  remote  past,  by  the  chain 
'caoaation,  do  also,  by  au  inevitable  consequence,  urge 
1  to  look  for  the  beginning  of  the  state  of  things  which 
e  thus  contemplate ;  but  in  none  of  theae  cases  have 
en  been  able,  by  the  aid  of  science,  to  arrive  at  a 
ginning  which  is  homogeneous  with  the  known  course 
'  events,  llie  first  origin  of  language,  of  civilization, 
'law  and  government,  cannot  be  clearly  made  out  by 
asoning  and  research;  just  as  little,  wo  may  expect, 
ill  a  knowledge  of  the  origin  of  the  existing  and 
[tinct  species  of  plants  and  animals,  be  the  result  of 
bysiological  and  geological  investigation. 

But,  though  philosophers  have  never  yet  demon- 
,rated,  and  peihaps  never  will  be  able  to  demonstrate, 

"  PriitcipU,,  D.  m.  c.  Iv. 
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wliat  was  tliat  primitive  state  of  things  in  t! 
muterial  worlila,  from  which  the  p 
its  first  departure;   they  can  stil] 
research  t*i  which  we  have  referred,  go  t 
— detenmne  many  of  tht)  remote  (nroum 
post  sequence  of  events ; — ascend  to  a  poin 
from  our  |tusitioD  at  least,  seems  to  be  near  th 
— and  exclude  many  suppoaitions  respecting  ti 
itseUl    Whetlier,  l>y  the  light  of  reason  aloai 
ever  he  shle  to  do  more  than  this,  it  is  diflSi 
It  ie,  I  ihink,  no  irrational  opinion,  even  1 
of  philosophical  analogy  alone,  that  in  aJl  tb 
which  look  back  and  seek  a  heginniug  of  thin 
be  unable  to  arrive  at  a  consistent  and  dof 
without  having  recourse  to  other  groHnds  a 
well  as  to  historical  research  and  scientiGo 
When  our  thoughts  would  apprehend  eteadi] 
tion  of  tilings,  we  find  that  we  are  obliged  t 
np  other  ideas  than  those  wliicli  regulate  thd 
Boientifio  truths; — to  call  iu  other  povera 
to  which  we  refer  natural  eveota:  it  catmol 
considered  as  very  surpridug,  if,  in  this  1 
inquiry,  we  are  compelled  to  look  for  othej 
ordinary  evidence  of  soieuce. 

Geology,  forming  one  of  the  pidictiolc^q 
sciences,  which  trace  hack  the  history  of  the 
its  inhabitanta  on  philosophical  grounds,  ta 
ciated  with  a  number  of  other  kiuds  of  resc 
are  conaei-ned  about  language,  law,  art,  and  oi 
about  the  internal  faculties  of  man,  his  tfc 
social  habits,  his  conceptiou  of  right,  hia  Iot» 
Geology  being  thus  brought  into  the  At 
moral  aud  mental  speculations,  it  may  be  exn 
her  investigations  of  the  probable  past  wj^ 
influence  common  to  them;  and  that  slie  W 
allowed  to  point  to  au  origin  of  her  own,, 
pliysical  beginning  of  things;  but  that,  a 
jiroachea  towards  such  a  gwd,  slie  will  be  1 
that  ifc  is  tlie  origin  of  many  trains  of  events, 
of  convergence  of  many  lines.    It  may  be,  thi 
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m  only  able  to  estimate  its  place  anil  nature,  and  to 
Dof  it  aucha  judgment  as  this; — that  it  ia  not  only 
source  of  mere  vegetable  and  animal  life,  but  also 
■  iMtidoal  and  social  life,  language  and  arts,  law  and 
(  'Order ;  in  short,  of  all  the  progressiTe  tendencies  by 
which  the  highest  prineiples  of  the  intellectual  and 
moral  world  have  been  and  are  developed,  as  well  as  01 
the  succession  of  organic  forma,  which  we  find  scattered, 
dead  or  living,  over  the  earth. 

This  refiectiou  concerning  the  natiiml  scientific  view 
of  creation,  it  will  be  observed,  has  not  been  sought  for, 
from  a  wish  to  arrive  at  such  conclusions;  but  it  haa 
flowed  sjiontaneously  fi-um  the  manner  in  which  we 
have  had  to  introduce  geology  into  our  classification  ot 
the  sciences :  and  this  classification  was  framed  from  an 
unbiasaed  consideration  of  the  general  analogies  and 
guiding  ideas  of  the  various  portions  of  our  knowledge, 
8uch  remarks  as  we  have  made  may  on  this  account  be 
considered  more  worthy  of  attention. 

But  such  a  train  of  thought  must  be  pursued  with 
caution.  Although  it  may  not  be  possible  to  arrive  at 
a  right  mnvictiou  respecting  the  origin  of  the  world, 
without  having  recourse  to  other  than  physical  consi- 
derations, and  to  other  than  geological  evidence;  yet 
extraneous  considerations,  and  extraneous  evidence, 
respecting  the  nature  of  the  beginning  of  things,  must 
never  be  allowed  to  influence  our  physios  or  our 
geology.  Our  geological  dynamics,  like  our  astrono- 
mical dynamics,  may  be  inadequate  to  carry  us  back  to 
an  origin  of  that  state  of  things,  of  which  it  explains 
the  progress :  but  this  deficiency  must  bo  supplied,  not 
by  adding  aupernatural  to  natural  geological  djmamics, 
but  by  accepting,  in  their  proper  place,  the  views  sup- 
plied by  a  jiortion  of  knowledge  of  a  difiei'ent  charaot«r 
and  order.  If  we  include  in  our  Theology  the  apecula- 
tiona  to  which  we  have  recourse  for  this  purpose,  we 
must  exclude  them  from  our  Geology.  The  two  acietioea 
may  conspire,  not  by  having  any  part  in  common ;  but 
l>ecaU3e,  though  widely  diverae  in  their  lines,  both 
point  to  a  mysterious  and  invisible  origin  of  the  wni'ld. 

AM  lliat  which  claims  our  asseat  ou  U^oae  V 


gToonds  of  wliidi  tlieology  taVes  cognizance,  miiit  du« 
Bucb  assent  as  is  consisletit  wilh  those  groauds;  thai  » 
it  must  requli'e  belief  iu  le^ijieut  of  all  that  beats  ufM 
tbe  highest  relatjooa  of  our  bniug,  those  on  wfakh 
depend  our  dutiud  and  our  liopea.  I>octrinea  of  Hii 
Idnd  may  aud  must  be  conveyed  and  nmintnitied.  Ij 
meauB  of  information  concerning  the  pnst  histon  tl 
tuan,  and  his  social  and  muterial,  as  well  as  monl  tiii 
spiritual  fortunes.  He  who  believes  that  a  Provident 
has  ruled  the  affairs  of  mankind,  will  also  believe  lint 
a  Frovidence  has  governed  the  nrnterial  world.  But 
any  language  in  which  the  narrative  of  this  govent- 
meut  of  the  material  wurld  can  be  conveyed,  mu* 
necessarily  be  very  imperfect  and  in  appro}  iriate ;  being 
expressed  iu  terms  of  those  ideus  which  hare  htra 
selected  by  men,  in  order  to  describe  the  appeaiuun 
and  relations  of  created  things  as  they  affect  one 
another.  Iii  all  cases,  therefore,  where  we  hare  to 
attempt  to  interpret  such  a  narrative,  we  must  fed  tli« 
we  are  estremely  liable  to  err;  and  most  of  all,  wlies 
our  interpretation  refers  to  those  material  objects  tad 
operations  which  are  most  foreign  to  the  main  putpcM 
of  a  history  of  providonce.  If  we  have  to  consider  a 
communication  containing  a  view  of  such  a  govenuneU 
of  the  world,  imparted  to  us,  as  we  may  suppose  in 
order  to  poiut  out  the  right  dii-ection  for  oxtx  ftuXaff 
of  tiTifit,  and  reverence,  and  hope,  towards  the  Gofwnor 
of  the  world,  we  may  expect  that  we  shall  be  in  nt 
danger  of  collecting  irom  our  authority  errooMot 
notions  with  rcgtU'd  to  the  power,  a.nd  wisdom,  ud 
goodness  of  His  government ;  or  with  respect  to  our 
own  place,  duties,  and  prospects,  and  the  history  afoot 
i-ace  so  far  as  uur  duties  and  prospects  are  conceruiii 
But  that  we  sliall  rightly  understand  tbe  detail  of  all 
eveuta  iu  tbe  history  of  man,  or  of  tlie  skies,  or  of  tlit 
earth,  which  ure  narrated  for  the  purpose  of  tbusgiviug 
a  right  direction  to  our  minds,  is  by  no  means  equally 
CL-rtjiin ;  and  I  do  not  think  it  would  he  too  much  hi 
say,  thiit  au  immunity  from  iierplexity  aud  errour,  in 
Kuch  matters,  is,  on  geneml  grounds,  very  impi-obable, 
It  caunot  then  suriiriie  us  to  Und,  that  parts  of  audi 
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itions  whicb  seem  to  refei'  to  occurrences  like  those 
iiich  BJttronomera  and  geologists  bave  attempted  to 
rmine  the  laws,  have  given  rise  to  nianf  interpre- 
DS,  all  incoQfiiatent  with  one  anothiM',  and  moat  of 
.  at  TEirianee  with  the  best  established  principles 
tronomy  and  geology. 

may  be  urged,  that  all  truths  must  be  consistent 
all  other  truths,  and  that  therefore  the  reaulta  of 
geology  or  astronomy  cannot  be  irreconcileablo 
the  statements  of  true  theology.  And  this  urn- 
J  oonaistency  of  truth  with  itself  must  be  assented 
Jut  it  by  no  means  follows  that  we  must  be  able 
>taiD  a  full  insight  into  the  nature  and  manner  of 
a  consistency.  Such  an  insight  would  only  be 
ble  if  we  could  obtain  a  clear  view  of  that  central 
of  truth,  the  source  of  the  principles  which  appear 
le  fieparate  lines  of  speculation.  To  expect  that 
lould  see  clearly  how  the  providential  government 
e  world  is  couaistent  with  the  unvarying  laws  by 
h  ita  motions  and  developements  are  r<-gulnted,  is 
:pect  to  understand  thoroughly  the  laws  of  motion, 
svelopement,  and  of  providence;  it  is  to  expect 
we  may  ascend  from  geology  and  aatronomy  to  th« 
live  and  legislative  center,  from  which  proceeded 
1  and  stars;  and  then  descend  again  into  the  moral 
spiritual  world,  because  its  source  and  center  are 
lame  as  those  of  the  material  creation.  It  is  to 
hat  reason,  whether  finite  or  infinite,  must  be  con- 
Qt  with  itself;  and  that,  therefore,  the  finite  rausit 
}le  to  comprehend  the  infinite,  to  travel  from  any 
province  of  the  moral  and  material  universe  to 
ithcr,  to  trace  their  bearing,  and  to  connect  their 
daries. 

le  of  the  advantages  of  the  study  of  the  history 
nature  of  science  in  which  we  are  now  engaged  is, 
it  warns  ua  of  the  hopeless  and  presumptuous  cha- 
r  of  such  attempts  to  understand  the  government 
le  world  by  the  aid  "f  science,  without  throwing 
liscredit  upon  the  reality  of  our  knowledge ; — that 
i  it  shows  how  solid  and  certain  eoch  b<  ' 
■•  it  n&ra  its  owa  &ctB  to  ita  o 
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fines  each  Bctenee  within  its  own  limits  i 
it  as  empty  and  helpless,  when  it  pronounces  opM 
Bubjeots  which  are  exti^neouB  to  it.  The  trr 
persons  who  should  seek  a  geological  niLrrHtiTi;  u 
logical  records,  would  be  rather  in  the  search  it^ 
iu  their  interpretation  of  what  they  might  fiud ; 
like  miuiDer  the  errour  of  thoee  who  would  on 
against  a  supernatural  beginning,  or  a  provi< 
direction  of  the  world,  upon  geological  or  phvsio 
reasonings,  would  be,  that  they  had  exi>ected 
sciences  iilone  to  place  the  origin  or  the  governm 
the  world  in  its  proper  light 

Though  these  observations  apply  generally  to 
paltetiolc^cal  sciences,  they  may  be  permitted 
becnuae  they  have  an  especial  hearing  upon  some 
difficulties  which  have  embarrassed  tho  progi 
geological  speculation;  and  though  such  difficnltj 
I  trust,  nearly  gone  by,  it  is  important  for  us 
them  in  their  true  bearing. 

From  what  has  been  said,  it  follows  that  geoloj 
astronomy  are,  of  themselves,  incapable  of  givj 
any  distinct  and  satisfactory  account  of  the  ori 
the  universe,  or  of  its  parts.  We  need  not  w 
then,  at  any  particular  instance  of  t1ii£  iucapacii 
for  example,  that  of  which  we  have  been  speakii 
imposaibility  of  accounting  by  any  natnr^  mm 
the  production  of  all  t)ie  successive  tribes  of  plan 
animals  which  have  peopled  the  world  in  the  v 
stages  of  its  progress,  as  geology  teaches  ua.  Th« 
were,  like  our  own  animal  and  vegetable  oonl 
raries,  profoundly  ada]ited  to  the  condition  in 
they  were  placed,  wo  have  ample  reason  to  betiev< 
when  we  inquire  whonce  they  came  into  this  our 
geology  is  silent.  The  mystery  of  creation  is  not 
the  range  of  her  legitimate  territory;  ahe  says  nc 
but  sjie  points  upwards. 

Sect.  6. — Tlie  UypoUieaU  of  the  regular  Crtatio 
ExtiiKtioH  qf  Species, 
Creation  i^  Speciet. — We  have  already  aee 
uuteuable,«K  &  fY.jKuJui^Rx^ftnGKicUKi^Ki^^^ 
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tihe  b'&nsmutability  and  progressive  tendencj  of 
iciea;  and  tlierefore,  when  we  come  to  apply  to 
soretical  geology  the  principlea  of  the  present  chapter, 
b  portion  of  the  subject  will  easily  be  diaposed  o£ 
]ardly  know  whether  I  can  state  that  there  is  any 
ner  principle  which  has  been  applied  to  the  solutioa 

l^e  geological  problem,  and  which,  therefore,  as  a 
neral  trutli,  ought  to  be  considered  here.  Mr.  Lyell, 
leed,  has  spoken'^  of  an  hypothesia  that  '  tlie  suc- 
wire  creation  of  species  may  constitute  a  regular 
rt  of  the  economy  of  nature;'  but  he  has  nowhere,  I 
ink,  BO  described  this  process  as  to  make  it  appear 

what  department  of  science  we  are  to  place  the 
pothesifl.  Are  these  new  8]>ecies  creitted  by  the  pro- 
lotion,  at  long  intervals,  of  an  offspring  ilitlerent  in 
ecieB  from  the  patvnta  1  Or  are  the  species  so 
;ated  produced  without  parental  Are  they  gra- 
ally  evolved  from  some  embryo  substance  1  or  do 
af  suddenly  start  from  the  ground,  aa  in  the  creation 
poetl 

,  _ Perfect  toma 

Unbcd  and  fnU-grown  :  out  of  the  gronnd  np  roM 
As  frani  his  lur,  the  w]td  beut  wbere  be  wont 

,  In  toren  vild,  ia  thicket,  brake,  or  den  ;  .   .  . 
Tlia  glass;  duds  nun  cnlved  ;  now  baU  upp«arei! 

^  The  townj  lion,  pawing  to  get  fret 

'  Ks  binder  parts  ;  tben  springs  as  broke  from  boniidB, 
And  rampaut  sb^es  bis  briuded  mane  ;  Lc  kc. 

Paradite  Lo4l,  D,  r'a. 

le  selection  of  one  of  these  forms  of  the  hypo- 
BUS,  rather  than  the  others,  with  evidence  fur  the 
ection,  is  requisite  to  entitle  us  to  place  it  among  the 
own  causes  of  change  which  in  this  chapter  we  are 
Qsidering.  The  bare  conviction  that  a  creation  of 
sciea  has  taken  place,  whether  once  or  many  times, 
long  as  it  is  unconnected  with  onr  organicaJ 
encea,  is  a  tenet  of  Natural  Theology  rather  than  of 
lysical  PLilosojJiy. 
[and  Ed.]     [llr.  Lyell  has  explained  his  theory^'  by 
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fi\ip[iosing  mnn  to  people  a  great  desert,  iDtroduciaj  I 
into  it  liviug  plants  aud  animals;  and  he  has  trsai^  I 
in  a  very  intei-eating  manner,  the  results  of  •. 
a  hypothesis  on  the  distribution  of  regetable 
animal  species.  But  he  supposes  the  a^nts  who  da  I 
this,  before  they  import  Bi>ecies  into  particular  loo 
lities,  to  fttiidy  attentively  the  climate  and  other  jity  I 
BJcal  conditions  of  each  apot,  and  to  use  va 
precautions.  It  is  on  account  of  the  notion  of  d 
thus  introduced  that  I  have,  above,  descnbed  t£ti  I 
opinion  as  rather  a  tenet  of  Natural  Theology  than  of  1 
Physical  Philosophy.  I 

Mr.  Edward  Forbes  has  published  some  highly  inW- 
resting  speculations  on  the  distribution  of  existing  spe- 
cies of  animals  and  plants.  It  appears  that  the  m 
in  which  animal  and  v^elable  forms  are  now  diffused 
requires  us  to  assume  centers  from  which  the  difiimoa 
took  place  by  no  means  limited  by  the  present  diri- 
sions  of  continents  aud  islands.  The  changes  of  kiiil 
and  water  which  have  thus  occurred  since  the  existing 
species  were  placed  on  the  earth  must  have  been  vei^ 
extensive,  aud  perhaps  reach  into  the  glncial  peiiod  of 
which  I  have  S|Hikon  above.'* 

According  to  Mr.  Forbes's  views,  for  which  he  1 
offered  a  great  body  of  very  striking  and  caarer^B^ 
reasons,  the  present  vegetable  and  animal  popnlaiiiRi 
of  the  British  Isles  is  to  be  accounted  for  by  tihe  fol< 
lowing  series  of  events.  The  marine  depoeita  of  the 
vwiocetie  formation  were  elevated  into  a  great  Atlantic 
continent,  yet  separate  &om  what  is  now  America,  ml 
having  its  western  shore  where  now  the  great  semi- 
circular belt  of  gulf- weed  rauges  from  the  1 5th  to  ihD 
45th  parallel  of  latitude.  This  continent  then  became 
stocked  with  life,  and  of  its  vegetable  population,  the 
flora  of  the  west  of  Ireland,  which  has  many  points  in 


-  Mclrtlng  Fkuaa  and  Floia  of  lb* 

,  BriUili  Iilei.  knd  the  OcolaflMl 

}iii,  t^rcttar  Forbui  CImugriwblch  bate  BOKtcd  U 

On   tbe  Connsxiou   be  until,  apttitUy  during  the  tfi 

0  Diitributlini    of    llie  of  U>ii  Northem  ItrlR.' 
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a  with  the  flora  of  Spata  and  the  Atlantic 
A  (the  A^turian  flora),  la  the  record.  The  region 
)en  Spain  and  Ireland,  and  the  rest  of  this  meia- 
^  t  continent,  was  destroyed  hy  some  geological  move- 
^  nt,  but  there  were  left  traces  of  the  connexioa 
irhich  bUII  remalD.  EoBtnards  of  the  flora  just  men- 
tioned,  there  is  a  flora  common  to  Devon  and  Com- 
iraU,  to  the  iiouth-eust  paj-t  of  Ireland,  the  Channel 
Islt».  and  the  adjacent  provinces  of  France; — a  flora 
passing  to  a  southern  character;  and  having  its  course 
marked  by  the  reiuains  of  a  great  rocky  barrier,  the 
ilestruction  of  which  probably  took  place  anterior  to 
the  formation  of  the  narrower  j>art  of  the  channel. 
Eastward  from  this  Devon  or  Norman  flora,  again,  we 
have  the  Kentinh  flora,  which  is  an  extension  of  the 
flora  of  North-western  France,  insulated  by  the  breach 
which  formed  the  straits  of  Dover.  Then  came  the 
Glacial  pertod,  when  the  cast  of  Eugland  and  the  north 
of  Euni|H:  were  submerged,  the  northern  drift  was  dis- 
tributed, and  England  wa^  reduced  to  a  chain  of 
islands  or  ridges,  formeil  by  the  mountains  of  Wales, 
Cumberland,  and  Scotland,  which  were  connected  with 
the  land  of  Scandinavia.  This  was  the  period  of 
glaciers,  of  the  dispersion  of  boulders,  of  the  grooving 
ajid  scratching  of  rocks  as  they  are  now  found.  The 
climate  being  then  much  colder  than  it  now  is,  the 
flora,  even  down  to  the  water's  edge,  consisted  of  what 
arc  now  Alpine  plants ;  and  this  Alpine  flora  ia  com- 
mon to  Scandinavia  and  to  our  mountain-summits. 
And  these  plants  kept  their  places,  when,  by  the  ele- 
vation of  the  laud,  the  whole  of  the  present  Oermaa 
Ocean  l>ecame  a  continent  connecting  Britain  with 
ceotral  Eurojio.  For  the  increased  elevation  of  their 
statjons  counterbalanced  the  diminished  cold  of  the 
succeeding  period.  Along  the  dry  bed  of  the  German 
Sea,  thus  elevated,  the  principal  j>art  of  the  existing 
flora  of  England,  the  Gennanie  flora,  migrated.  A 
largo  portion  of  our  esisting  animal  populatlos  alno 
came  over  through  the  same  region;  and  along  wilh 
those,  came  hyenas,  tigers,  rhiuooerou,  aurochs,  elk, 
wolvea,  beaver^  wLich  ore  extinct  iu  Brit^iu,  lu^^ 
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otiier  B-nininla  which  are  extinct  altog«Uicr,  h 
primigeDian  elephant  or  mammnth.  But  then,  t 
theOermaii  Oceaa  and  the  Irish  Chanuel  were  » 
out;  and  the  climate  again  changed.  In  < 
BO  detached,  many  of  the  larger  beasts  j>eriahtfd,  nrf  I 
their  bouea  were  covered  up  in  peat-moRsee  aud  eavd  I 
vhere  we  find  them.  This  distingui-ihed  natanlni  I 
Las  Airther  shown  tbut  the  popuhition  of  the  sea  leodi  I 
itself  to  the  same  view.  Mr.  Forbes  itays  that  tbt  1 
writings  of  Mr.  Smith,  of  Jordan-hill, 
Changes  in  the  relative  Levels  of  the  Land  and  Set  io  1 
the  British  Islands,'  published  in  the  Mmnmrs  of  tit  \ 
Wemerian  Soci^t/  for  1837-8,  mu.it  be  esteemed  Um 
foundation  ofs  critical  investigation  of  thia  stibjectifl 
Britain.] 

3.  Jiaiinetion  of  Species. — With  regard  to  the  extiixy 
tion  of  species,  Mr.  Lyell  has  propounded  a  doctriac 
which  is  deserving  of  great  attention  here^  Broccti, 
when  he  had  satisfied  himself^  by  examination  of  the 
Sub-Apennines,  that  about  half  the  epeciee  which  Lad 
lived  at  the  period  of  their  deposition,  bad  moce 
become  extinct,  suggested  as  a  possible  canse  for  tiiis 
occurrence,  that  the  vital  energies  of  a  special,  tjlu 
that  of  an  individual,  might  gradually  decay  in  tht- 
progreas  of  time  and  of  geneivtioDO,  till  at  last  tW 
prolific  power  might  fail,  and  the  species  wither  Mn(f. 
8ucb  a  property  would  be  conceivable  as  a  pbj0>' 
logical  tact;  for  we  see  something  of  the  land  in 
fruit-trees  propagated  bj  cuttings:  after  some  time, 
the  stock  ap{ieara  to  wear  out,  and  loses  ita  peculitf 
qualitiest.  But  we  have  no  suificient  evidence  that 
this  is  the  case  in  generations  of  creatures  continued 
by  the  reproductive  powers.  Mr.  Lyeli  concMVM. 
that,  without  admitting  any  inherent  conatitatioaal 
toudency  to  deteriorate,  the  misfortunes  to  which 
plants  and  auimals  are  esposed  by  the  change  of  the 
physical  circumstances  of  the  earth,  by  the  Hlteratioa 
of  laud  and  water,  and  by  the  changiea  of  climate,  miut 
very  frequently  occasion  the  loss  of  several  species- 
We  have  historical  evidence  of  the  extinction  of  oue 
conspicuous  s^ci«a,  tbe  Dodo,  r.  bird  of  lar^  si 
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itv  form,  which  inhabiled  the  Isle  of  Pranoe 
1  that  island  was  fint  discovered,  and  which  now 
onger  exieta.  Several  other  specieu  of  auimala 
plants  seem  to  be  in  the  course  of  vanishing  froRi 
lace  of  the  earth,  even  under  our  own  observation, 
taking  into  account  tlie  greater  changes  of  the 
ice  of  tlie  globe  which  geology  compels  us  to 
1X0,  we  may  imagine  many  or  all  the  existing 
ea  of  living  things  to  be  estirjiated.  If,  tor 
inoe,  that  rednctiou  of  the  climate  of  the  e&rth 
h  appears,  from  geological  evideuoe,  to  have  taken 
)  ateady,  be  supposed  to  go  on  much  further, 
tdv&ncing  snow  and  cold  of  the  polar  regions  may 
-oy  the  greater  part  of  our  plants  and  animals, 
drive  the  remainder,  or  those  of  them  which 
3SB  the  requisite  faculties  of  migration  and  acconi' 
atinn,  to  seek  an  asylum  near  the  equator.  And 
i  suppose  the  temi>erature  of  the  earth  to  be  still 
ler  reduced,  this  zone  of  now-existing  life,  having 
irther  place  of  refuge,  will  perish,  and  the  whole 
li  will  be  tenanted,  if  at  all,  by  a  new  creation, 
•r  causes  might  produce  the  same  effect  as  a  change 
limate;  and,  without  supposing  such  causes  to 
t  the  whole  globe,  it  ia  easy  to  imagine  circum- 
pea  such  as  might  entirely  disturb  the  equilibrium 
tk  the  jKiwera  of  diifusion  of  different  sjtecies  have 
luced; — might  give  to  some  the  opportunity  of 
plug  and  conquering  the  domain  of  others;  and 
he  end,  the  means  of  entirely  suppressing  tliem, 
establishing  tbemaetves  in  their  place. 
tukt  this  extirpation  of  certain  species,  which,  as 
Ure  seen,  hapjtens  in  a  few  cases  nn  ' 
■instances,  might  happen  upon  a  greater  scal«i,  if 
range  of  external  changes  were  to  be  muoh  sn- 
^,  cannot  be  doubted.  The  extent,  therefore,  to 
1  natural  causes  may  account  for  the  extinctinn 
■cies,  will  depend  upon  the  amount  of  ohnngo 
1  we  suppose  in  the  physical  conditions  of  thq 
^  It  must  bo  a  tuak  of  extreme  difficulty  to 
late  the  effect  upon  the  organic  world,  even  if  the 
'   d  circumstances  wore  given.     To  dut«rmiuc  iho 
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physical  condition  to  which  a  given  tttate  of  tful 
would  give  rise,  I  have  already  noted  as  another  n 
difficult  problem.     Yet  theae  two  problemB  miisi 
solved,  in  order  to  enable  na  to  judge  of  the  suffidenrt   I 
of  any  hypothesis  of  the  extiuction  of  sjvecies;  tai'n   ] 
the  mean  time,  for  the  mode  in  which   new  g 
come  into  the  places  of  those  which   are   extingniW,    I 
we  have  (bs  we  have  aeen)  no  hypothesis  which  plij»- J 
logy  can,  for  a  moment,  sanction. 

Sect.  7- — The  Imbedding  of  Organic  Sen 

Therk  is  still  one  portion  of  the  Dynamics  of' 

a  branch  of  great  and  manifest  importance,  wbidl . 
have  to  notice,  hut  upon  which  I  need  onlyqid 
very  briefly.  The  mode  in  which  the  spoils  of  existiif 
plants  and  animals  are  imbedded  in  the  depontc  M« 
tbrming,  is  a  subject  which  has  natur&lly  attracted  tk 
attention  of  geologists.  During  the  con'troveray  whiA 
took  place  io  Italy  respecting  the  fossils  of  the  Sub- 
Apennine  hiib,  Vitahano  Donati,'*  io  1 750,  untlertai 
an  examinationof  the  Adriatic,  and  found  thatdepotito 
containing  shells  and  corals,  extremely  resembling  tbe 
stTHta  of  the  hilla,  were  there  in  the  act  of  fortuatjoa. 
But  without  dwelling  on  other  observations  of  lib 
kind,  I  may  state  that  Mr.  Lyell  has  treated  tli« 
subject,  and  all  the  topics  connected  with  it,  in  a  tot 
full  and  satisfactory  manner.  He  han  exiilalned,"  h 
an  excellent  collection  of  illustrative  facta,  liow  deposB 
of  various  substance  and  contents  are  formed '  hot 
plautA  and  animals  become  fossil  in  peat,  in  blon 
sand,  in  volcanic  matter,  in  alluvial  soil,  in  caves,  lod 
in  the  beds  of  kkea  aud  seas.  This  expoaitioa  is  rf 
the  most  instructive  character,  as  a  meaoa  of  obtainiw 
right  conclusions  concerning  the  causes  of  get^odtH  . 
phenomena.  Indeed,  in  many  cases,  the  simihtrity^ 
past  effects  with  operations  now  going  on  is  so  f""- 1 
plete,  that  they  may  be  considered  as  identical 
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Q  of  Hncli  cases  belongs,  at  tlie  same  time, 
SeologicaJ  Dynamics  and  to  Physical  Geology;  juBt 
he  problem  of  the  fall  of  meteorolites  may  be  con- 
red  as  belonging  alike  to  mechanics  and  to  physical 
'onomy.  The  growth  of  modem  peat-mosaea,  for 
mple,  fully  explains  the  ibrmation  of  the  moBt 
ient:  objects  are  buried  in  the  same  manner  in  the 
itioDS  of  active  and  of  extinct  volcanoes;  within 
limits  of  hbtoiy,  many  eatuaiies  have  been  filled 
and  in  the  depoflita  which  have  occupied  them 
^es,  are  strata  containing  shells,^'  as  in  the  older 
oalions. 


Lrril,  B 
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CHAPTER  VIL 
pROGBEss  OP  Physical  Geqiaot. 


Sect.  I. — Object  and  Dittiru:tiojit  qf  Physical 
Geologj/. 

BEING,  in  consequence  of  the  steps  which  we  hiw 
atteuijited  to  describe,  in  poasessiou  of  two  scicDoea, 
one  of  which  traces  the  laws  of  action  of  known  cauw^ 
and  the  other  describes  the  plienomena  which  tbe 
earth's  surface  presents,  we  are  now  prepared  to  ai- 
amine  how  far  the  attempts  to  refer  the  facts  to  theit 
causes  have  been  successful:  we  arc  ready  to  emtw 
upon  the  consideration  of  Theoretical  or  Pkjfnai 
Oeology,  as,  hj  analogy  with  Physical  Aittronomf,  m 
may  term  this  branch  of  speculation. 

The  distinction  of  this  from  other  portions  of  oir 
knowledge  ia  sufficiently  evident  lu  former  ^laa, 
Geology  was  always  associated  with  Miner^ogy,  tai 
sometimea  confounded  with  it;  hut  the  mistake  of  snch 
an  arrangement  must  he  clear,  from  wliat  has  been 
said.  Geology  ia  connected  with  Mineralogy,  only  w 
far  as  the  latter  science  classifies  a  large  portion  of  the 
objects  which  Geology  employs  as  eridence  of  its  state- 
ments. To  confound  the  two  is  the  same  errour  as  it 
would  be  to  treat  philosophical  history  as  identical 
with  the  knowledge  of  medala  Geology  procures 
eridence  of  her  conclusions  wherever  she  can;  from 
minerals  or  from  seas;  from  inorganic  or  from  orgnnic 
bodies;  from  the  ground  or  from  the  skies.  The  geo- 
logist's business  ia  to  learn  the  past  history  of  the 
earth;  and  he  ia  no  more  limited  to  one  or  a  few 
kinds  of  documenta,  as  his  sources  of  information, 
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iQie  bifitorian  of  mao,  in  the  exeoutioa  of  a 

|Bb1  Geology,  of  which  I  now  speak,  may  not 
Is  easily  separable  from  Descriptive  Oeology: 
mey  liave  generally  been  combined,  for  few 
ten  content  to  deacribe,  without  attetnptiijg 
oaeasure  to  explain.  Inileed,  if  they  had  done 
Wibafale  tbat  tli«ir  ktboiira  would  have  been 
•  sealoufl,  and  their  expositions  far  less  im- 
h  We  by  no  means  regret,  therefore,  the 
I  of  these  two  kinds  of  knowledge,  which  has 

Eimred;  but  still,  it  b  our  business  to  sepa- 
The  works  of  astronomers,  before  the 
d  physical  astronomy,  were  full  of  theories, 
he  were  advantageous,  not  prejudicial,  to  the 
b^f  the  science. 

Ipcal  theoiies  have  been  abundant  and  various ; 
pur  history  of  them  roust  be  brief.  For  our 
L  u  must  be  borne  in  mind,  to  exhibit  these, 
nr  as  thi-y  are  steps  discoverably  tending  to 
tiheoty  of  the  earth:  and  in  moRt  of  them  we 
nee  this  character.  Or  rather,  the  portions  of 
nra  of  geologista  which  do  merit  this  praise, 
H  the  two  pi'eceding  divisions  of  lliu  subject, 
n  been  treated  of  there. 

BBtory  of  Physical  Geology,  considered  aa  the 
L  towards  a  science  as  real  and  stable  as  those 
re  have  already  treated  of  (and  this  is  the  form 
Bwe  ought  to  trace  it),  hitherto  consists  of  few 
we  hardly  know  whether  the  progress  is  begun, 
■ory  of  Physical  Asti'ODomy  ^mout  commences 
ptrtoQ,  and  few  {wrsons  will  venture  to  asserc 
I  Newton  of  Geology  lias  yet  appeared. 
I  some  examination  of  the  attempta  which  have 
pie  is  requisite,  in  order  to  explain  and  justiiy 
It  which  the  analogy  of  scientific  history  leads 
pite,  of  the  state  of  the  subject.  Though  &r 
llendiug  to  give  even  a  sketch  of  all  past  geolo- 
I  must  notice  some  of  the  forma 
stations  have  at  different  times  u>6aauiQd, 
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Sect.  2.-0/ Fdiinful  Geological  Opinioni. 

Reai.  and  permanent  geological  knovjedge,  like  iH 
otber  physical  knowledge,  can  be  obtained  ouljf  bj 
inductions  of  clasutication  and  law  from  many  clewif 
Been  phenomena.  The  labour  of  the  most  tM^ve,  Uic 
talent  of  the  most  intelligent,  are  requisite  for  sucb  t 
purpose.  But  far  less  than  this  is  Ktifficient  to  put  in 
busy  operation  the  inventive  and  capriciona  fancy.  A 
few  appearaucea  hastily  seen,  and  arbitmrilj'  inle^ 
preted,  are  enough  to  give  rise  to  a  woodrons  t«le  of 
the  past,  full  of  strange  eventi  and  superaatural 
agencies.  The  mythology  and  early  poetry  of  nations 
afford  sufficient  evidence  of  man's  love  of  the  wondcrfnl, 
and  of  his  inventive  powers,  in  early  stages  of  inttt 
lectual  developement.  The  acientilio  facolly,  on  tfw 
other  hand,  and  especially  that  jiart  of  it  which  i* 
requisite  for  the  induction  of  laws  trom  facts,  emergM 
slowly  and  with  difficulty  from  the  crowd  of  advent 
inHueuces,  even  under  the  most  favourable  ciicam- 
Btanccs.  We  have  seen  that  in  the  ancient  world,  tlii 
Greeks  alone  showed  themselves  to  poBsees  this  telent; 
and  whut  they  thus  attained  to,  amounted  only  to  ■ 
few  sound  doctrines  in  astronomy,  and  one  as  t«D 
extremely  imperfect  truths  in  mechanics,  optica,  nd 
music,  which  their  succcEsoni  were  unable  to  retab. 
No  other  nation,  till  we  come  to  the  dawn  of  a  bettir 
day  in  modem  Europe,  made  any  poeitive  step  ftt  all  ii 
sound  phynica]  speculation.  Empty  dreams  or  nmlMii 
exhibitions  of  ingenuity,  formed  the  whole  of  thiil 
essays  at  such  knowledge. 

It  must, therefore,  isdepcndeutlyof  positive evidenoih 
be  considered  as  extremely  impivbable,  that  any  of 
these  nations  should,  at  an  early  period,  have  airived, 
l>y  observation  and  induction,  at  wide  geneni  tovtfa^ 
such  as  the  philoaophera  of  modern  times  have  Wy 
satisfied  themselves  of  by  long  and  patient  labour  aai 
thought.  If  resent  blances  should  bo  discovered  between 
the  assertions  of  ancient  writers  and  the  disooveriea  of 
modern  sci^^tK,  tbe  'gioWVii.U.t^  vq  nil  coAes,  the  oer- 
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£|n  raost,  IS,  that  these  are  accidental  coinci- 
{]~'that  the  ancient  opinion  is  no  anticipation 
puxleru  discovery,  but  is  one  giieas  among  many, 
>irhit  the  more  valuable  because  its  expression 
i  with  a  truth.  The  author  of  the  guesB  could 
tend  the  truth,  because  hia  mind  was  not  prepaJ«d 
nprehend  it.  Those  of  the  ancients  who  spoke 
:  harttumi/  which  binds  all  things  together,  conld 
ean  the  Newtonian  gravitation,  because  thev  bad 
been  led  to  conceive  an  attractive  forc«,  governed 
finite   mathematical    lawa  in  its  quantity  and 

agreement  with  these  views,  we  must,  I  conceire, 
lie  the  opinions  which  wc  find  among  the  nnciento, 
^iug  the  changes  wliich  the  earth's  surface  baa 
gone.  These  opiuions,  when  they  are  at  alt  of  a 
al  kind,  are  arbitrary  fictions  of  tlie  fancy,  showing 
love  of  generality  indeed,  but  indulging  it  with- 
hat  exjteuse  of  labour  and  thought  which  alone 
inder  it  legitimate. 

I  might,  therefore,  pass  by  oU  the  traditionn  and 
lationa  of  Oriental,  Egyptian,  and  Greek  costno- 
aa  extraneous  to  our  subject  But  sinc^'  theee 
recently  been  spoken  of,  us  conclusions  c<)llected, 
rer  vaguely,  from  obser^-ed  facts,'  we  may  make 
lark  or  two  upon  them. 

e  notion  of  a  aeries  of  creations  and  destiitctioni 
irlds,  which  appears  in  the  sacred  volume  of  the 
00s,  which  formed  part  of  the  traditionary  lore  of 
t,  and  which  was  afterwards  adopted  into  the 
y  and  philosophy  of  Greece,  musl  be  considered 
mythological,  not  a  physical,  doctrine.  When 
doctrine  was  dwelt  upon,  men's  thoughts  wer« 
ted,  not  to  the  terresti'ial  facts  which  it  seemed  to 
In,  but  to  the  attributes  of  the  deitiea  which  it 
rated.  The  conception  of  a  Jiuprmua  imwer, 
ling  and  guiding  the  progreaa  of  cvcuta,  which  ia 
unent  among  all  perpetual  change,  and  regular 
g  all  seeioing  chance,  waa  readily  entertunvd  by 
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contemplative  and  enthusiastic  toiiids;  and  wben  mtEsni 
pheiinmena  were  referred  to  this  doctntie,  it  wm  n^ 
for  the  purpose  of  fastening  its  imfireeeireaew  npci 
the  senses,  than  in  the  wBy  of  giving  to  it  auUiorin 
nnd  siipjiort.  Hence  we  perceive  that  iii  the  exporitin 
of  this  doctrine,  an  attempt  was  always  made  to  SH 
and  elevate  the  mind  with  the  notions  of  inarTelloo 
events,  and  of  infinite  times,  in  which  vast  cycla  <( 
order  recurred.  The  'great  year,'  in  which  all  celestitl 
phenomena  come  round,  offered  itself  as  capftbl»  irf 
being  calculated;  and  a  sjmihir  great  year  was  re*li^ 
assumed  for  terrestrial  and  human  events.  Heuw 
there  were  to  be  brought  round  by  great  eyelet  rnt 
only  deluges  and  conflagrations  which  were  to  destmt 
and  renovate  the  earth,  but  also  the  series  of  histnrietl 
occurrences.  Not  only  the  sea  and  hind  were  to  R- 
commence  their  alternations, but  there  was  to  be  anctlter 
Argo,  wLieh  slioidd  carry  warriors  on  the  fint  sea- 
foray,'  and  another  succ^sinu  of  heroic  wars.  LookiDf 
at  tbe  passages  of  ancient  authors  which  rebr  10 
terrestrial  changes  in  this  view,  we  shall  see  that  tliej 
ar«  addressed  almost  entirely  to  the  love  of  the  inir 
vellouH  and  the 'in  finite,  and  caimot  with  propriety  ba 
taken  as  indications  of  a  spirit  of  physical  philooi^by. 
For  example,  if  we  turn  to  the  celebrated  pasRf^  at 
Ovid,"  wliere  Pythagoras  is  represeut«<d  M  asserting 
that  lund  becomes  sea,  and  sea  land,  and  many  othfr 
changes  which  geologists  have  verified,  we  find  tlMt 
these  observations  are  associated  with  many  bbki^  H 
being  matter  of  exactly  the  same  kind ; — the  fbimtun 
of  Ammon  which  was  cold  by  day  and  warm  by 
nigbt;^ — the  waters  of  Sabnacis  which  el!eminat« 
men;— the  Clitorian  spring  which  makes  them  loatlin 
wine; — the  Sinijitegades  islands  which  were  ODce 
moveable;— the  Tritonian  lake  which  covered  men'a 
bodies  with  feathers; — and  many  similar  marvelB. 
And  the  general  puiyort  of  the  wLole  is,  to  conntenauce 
the  doctrine  of  the  mcteaipsycbosia,  and  the  ~~ 
gorean  injunction  of  not  eating  animal  food. 
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clear,  I  think,  tbat  facta  BO  introduced  muat  be  con- 
ridered  as  having  been  contemplated  ratlier  in  the 
Mpirit  of  poetry  than  of  science. 

We  must  estimate  in  the  same  manner,  the  very 
remark&ble  passage  brought  to  light  by  M.  Elie  de 
BeHuniont,^  from  the  Arabian  writer,  Kazwiri;  in 
which  we  have  a  representation  of  the  game  apot  of 
ground,  as  being,  at  successive  intervaJa  of  dve  hundred 
years,  a  city,  a  sea,  a  desert,  and  again  a  city.  This 
invention  is  adduced,  I  conceive,  rather  to  feed  the 
appetite  of  wonder,  tlian  to  fix  it  upon  any  reality :  as 
the  title  of  his  book.  The  Marvel*  of  Nature  obviously 
intimates. 

The  speculations  of  Aristotle,  concerning  the  ex- 
changes of  land  and  sea  which  take  place  iu  lo 
periods,  are  not  formed  in  exactly  the  same  spirit,  but 
the}'  are  hardly  more  substantial ;  and  seem  to  be  quite 
as  arbitiary,  since  they  are  not  confirmed  by  any  ex- 
amples and  proofs.  After  stating"  that  the  same  spots 
of  the  earth  are  not  always  land  and  always  water,  he 
gives  the  reason.  'The  principle  and  cause  of  this  is,' 
he  says,  '  that  the  inner  parts  of  the  earth,  like  the 
bodies  of  plants  and  animals,  have  their  ages  of  vigour 
and  of  decline ;  but  in  plants  and  animals  all  the  parts 
are  in  vigour,  and  all  grow  old,  at  once :  in  the  earth  dif- 
ferent parts  arrive  at  maturity  at  different  times  by  the 
operation  of  cold  and  heat :  they  grow  and  decay  on 
account  of  the  sun  and  the  revolution  of  the  stara,  and 
thus  the  parts  of  the  earth  acquire  different  power,  so 
that  for  a  certain  time  they  remain  ntoi»t,  and  then 
become  dry  and  old:  and  then  other  places  are  revivi- 
fied, and  become  partially  watery.'  We  are,  I  conceive, 
doing  no  injustice  to  such  speculations  by  classing 
them  among /ttnei/W  geological  opiniona 

We  must  also,  I  conceive,  range  in  the  same  divisioa 
another  class  of  writers  of  much  more  modem  times; 
— I  mean  those  who  have  framed  their  geology  by 
interpretations  of  Scripture.  I  have  already  en- 
deavoured to  show  that  such  an  attempt  is  a  perver- 
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eion  of  the  purpose  of  a  divine  comnmnicatioD,  tai 
cannot  lead  to  &ny  physical  truth.  I  do  not  hen 
epeok  of  geological  specuUtiona  in  vbicb  the  Uonic 
aocouut  of  the  deluge  has  been  referred  to;  fur  whaterw 
erroUTfl  may  have  been  commjtteil  uii  tliat  subjeot,  il 
would  be  as  abaurd  to  diar^;ard  the  most  aucient  his- 
torical record,  in  attempting  to  trace  back  the  hirtotj 
of  the  earth,  as  it  would  be,  gratuitously  to  reject  Mij 
other  source  of  iufonnatiou.  But  the  interpretation 
of  the  account  of  the  creation  have  gone  further  beyond 
the  limits  of  sound  philosophy :  and  when  we  look  it 
the  arbitrary  and  bntaatioal  inventions  by  which  Bf«« 
phi-naea  of  the  writings  of  Moses  have  been  moulded 
into  complete  systems,  we  cannot  doubt  that  tliCN 
interpretations  belong  to  the  present  ISection, 

I  shall  not  attempt  to  criticize,  nor  even  to  enume- 
rate, these  Scriptural  Geologiea, — Sacred  T/worut  if 
tha  Earth,  sm  Burnet  termed  his.  Ray,  Woodward, 
Whiston,  and  many  other  persons  to  whom  Mieiica 
has  considerable  obligations,  wera  involved,  by  ih« 
speculative  habits  of  their  times,  in  these  eaaays ;  and 
they  have  been  resumed  by  persons  of  canmderabl« 
talent  and  some  knowledge,  on  various  occasioni  up 
to  the  present  day;  but  the  more  geology  ha*  been 
studied  on  its  own  proper  evidence,  the  more  have 
geotogista  seen  the  unprofitable  character  of  auc^ 
Jaliours. 

I  proceed  now  to  the  nest  step  in  the  progreM  «f 
Theoretical  Geology. 

Stat.  3. — 0/  Prematura  Geoloffieal  Theoria. 

'While  we  were  giving  our  account  of  DeacriptiTe 
Geology,  the  attentive  reader  would  perceive  that  we 
did,  in  fact,  state  several  steps  in  the  advance  towards 
general  knowledge;  but  when,  in  those  cases,  the 
theoretical  oajicct  of  such  discoveries  softened  into  au 
appenniuce  of  mere  classification,  the  occurrence  was 
assigned  to  the  history  of  Descriptive  tuther  than  of 
Tlieorcticol  Geology,  Of  such  a  kind  was  the  establish' 
ment,  by  a  long  and  vehement  controversy,  of  the  fiut, 
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th&t  the  impressions  in  rocks  are  really  the  tfftces  of 
ancient  living  things;  such,  again,  were  the  division 
of  n>ckB  into  Primitive,  Secondary,  Tertiary;  the 
ascertainment  of  the  orderly  snccession  of  organio 
remains;  the  cougequent  fixation  of  a  standttrd  series 
of  formations  and  strata;  the  establishment  of  the 
igneous  nature  of  trap  rocks;  and  the  like.  These  are 
geological  truths  which  are  assumed  and  implied  In 
the  very  language  which  geology  usee;  thus  showing 
how  in  this,  as  in  all  other  aciences,  the  suceeeding 
ttepa  involve  the  preceding.  But  in  the  history  of 
geological  theory,  we  have  to  consider  the  wider 
attempts  to  comhine  the  fiicta,  and  to  assign  them  to^ 
their  causes. 

The  close  of  the  last  century  produced  two  antagonist 
theories  of  this  kind,  which  long  maintained  a  fierce 
and  doubtful  struggle; — that  of  Werner  and  that  of 
Hutton:  the  one  termed  Ktptunian,  from  its  as(;ribing 
the  phenomena  of  the  earth's  sur&ce  mainly  to  aqueous 
agency;  the  other  PliUmtian  or  Vidcanian,  bcoause  it 
employed  the  force  of  subterraneous  fire  as  its  priiicipal 
machinery.  The  circumstance  which  is  most  worthy 
of  notice  in  these  remarkable  essays  is,  the  endeavour 
to  give,  by  means  of  such  materials  as  the  authors 
possessed,  a  complete  and  simple  account  of  all  the 
fiuits  of  the  earth's  history.  The  Sason  professor, 
proceeding  on  the  examination  of  a  small  district  in 
Germany,  maintained  the  existence  of  a  chaotic  fluid, 
from  which  a  series  of  universal  formations  had  been 
precipitated,  the  position  of  the  strata  being  broken  up 
by  the  falling  in  of  sabterraneous  cavities,  in  the 
intervals  between  these  dejwsitions.  The  Scotch  phi- 
losopher, who  had  observed  in  England  and  Scotland, 
thought  himself  justified  in  declaring  that  the  existing 
causes  were  sufficient  to  spread  new  stratA  on  the 
bottom  of  the  ocean,  and  that  there  they  are  con- 
■olidftted,  elevated,  and  fractured  by  volcanic  heat,  so 
aa  to  give  rise  to  new  continenta. 

It  will  hai-dly  be  now  denied  that  all  that  is  to 
remain  as  permanent  science  in  each  of  thene  systems 
must  be  proved  iy  the  examination  of  Havi  tsusk 
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and  limited  by  mauy  conditions  and  <nrcnmsti 
Theories  so  wide  and  aimple,  were  consistent  o 
H  comparatively  scanty  collection  of  bets,  and  belon;  ' 
to  the  early  stage  of  geological  knowledge.     In  tba 
progress  of  the  science,  the  'theory'  of  each  poK  of    | 
the  earth  muat  come  out  of  the   examination  of  tint    ' 
part,  combined  with  all  that  is  well   established  ool- 
ceming  all  the  rcat;  and  a  general  theory  must  result 
from  the  comparison  of  all  such  partial   theoreiial 
views.     Any  attempt   to  anatch  it    before    its  time 
must  fail ;  and  therefore  we  may  venture  at  present  to 
designate  general  tlieoriea,  like  those  of  Hatton  sod 
Werner,  as  pivmatUT«. 

'  This,  indeed,  is  the  sentiment  of  most  of  the  good 
geologists  of  the  present  day.  The  time  for  such  genenl 
systema,  and  for  the  fierce  wara  to  which  the  oppodtion 
of  anch  generalities  gives  riae,  ia  proliably  now  put 
for  ever;  and  geology  will  not  again  witness  such  ■ 
controversy  as  that  of  the  Wemerian  and  Huttouiu. 
Bchoola. 


As  irh™  two  blKk  cloads 

With  heaven '■  artillerj  fiauglit,  come  niltling  on 

Over  the  CsBpiin  :  tben  Btond  front  to  frant, 

Hoveriog  a  apv^o,  till  wiodi  the  lign&l  bJuT 

To  join  tkeir  ilirk  encooiiter  in  mid'nir. 

So  frowned  the  mightj  eombittanta,  that  bell 

Grew  darker  at  their  from;  to  malcbed  the?  stood: 

For  nOTsr  but  once  more  wu  eilier  like 

To  meet  to  great  a  foe. 


The  main  points  really  affecting  the  progreas  of 
Houud  theoretical  geology,  will  find  a  place  in  one  of 
the  two  next  Sections. 

[and  Ed.]  [I  think  I  do  no  injustice  to  Dr.  Hatton 
in  describing  his  theory  of  the  earth  as  prmiiaturt. 
Prof.  Playfair's  elegant  work,  /Uustration»  of  the  Ilvi- 
Ionian  Tktory,  (i8dj},bo  justly  admii-ed,  contains  many 
doctrines  which  the  more  mature  geology  of  inodeni 
times  rejects;  such  as  the  igneous  origin  of  chalk-Si&ls, 
siliceous  puddingstone,  and  the  like;  the  universal  for- 
mation of  river-beds  by  tne  rivers  themselves;  and 
other   points.      With  re^rd   to    thia   last -mentioned 
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question,  I  think  aU  who  have  read  Deluc's  Geologia 
(1810)  will  deeiu  his  refutation  of  Playfair  complet«. 

But  though  Hutton'a  theory  was  premature,  as  well 
ss  Werner's,  the  former  had  a  far  greater  value  as  an 
important  step  on  the  rotul  to  trutk  Many  of  its 
boldest  hypotheses  and  generalizatioas  have  become  a 
part  of  the  general  cre«d  of  geologists;  and  its  publi- 
cation is  perhaps  the  greatest  event  which  has  yet 
occurred  in  the  progress  of  Physical  Geology.] 


5o6 


CHAPTER  Vin. 
The  Two  Aktagohist  DoerRiHBS  of  Gbou 

Seel.  \.—Ofl}ie  Doctrine  e(f  Geological  Cataetro^ 

THAT  great  changes,  of  a  kind  and  intensity  qtra  ^ 
different  (ram  tJie  common  course  of  evente^  and 
which  may  therefore  properly  be  called  cata»lrojAtt, 
have  taken  place  upon  the  earth's  surface,  wu  an 
opinion  which  appeared  to  be  forced  upon  men  (7 
obvious  &ctB.  Rejecting,  as  a,  mere  play  of  fimcy,  the 
notions  of  the  destniction  of  the  earth  by  catacljam 
or  conflagrations,  of  which  we  have  already  spoken,  m 
find  that  the  first  really  scientific  examination  of  the 
materials  of  the  earth,  that  of  the  Sub-Apennine  hilli^ 
led  men  to  draw  this  inference,  Leonardj  da  Tina, 
whom  we  have  already  noticed  for  his  early  and  stre- 
nuous assertion  of  the  real  marine  origin  of  fbsal 
impressions  of  sheila,  also  maintained  that  the  bottom 
of  the  Bea  had  become  the  top  of  the  mountain ;  yet  hii 
mode  of  explaining  this  may  perhaps  be  claimed  bjr 
the  modern  advocates  of  uniform  causes,  aa  more  allied 
to  their  opinion,  than  to  the  doctrine  of  catastrophe!.' 
But  Steno,  in  16G1},  approached  nearer  to  this  doctrine; 
for  he  asserted  that  Tuscany  must  have  changed  its 
face  at  intervals,  so  as  to  acquire  six  different  ConG- 
gurations,  by  the  successive  breaking  down  of  the  older 
strata  into  inclined  positions,  and  the  horizontal  deposit 
of  new  ones  upon  them.  Strabo,  indeed,  at  an  earlier 
period  had  recourse  to  earthquakes,  to  explain  the  occur- 
rence  of  sheila  in  mountains ;  and  Hooke  published  die 
same  opinion  later.  But  the  Italian  geologists  pro- 
secuted their  researches  under  the  advantage  of  having, 


K  ftt  hand,  lai^  cwltections  of  conspicuoua  ami  oon- 
»nt  phenomena.  Lazzaro  Moro,  in  1740,  attempted 
ipply  the  theory  of  eorthquakea  to  the  Italiao  strata; 
b  both  be  and  hti  expositor,  Cirillo  GenerelH,  inclined 
her  to  reduoe  the  violence  of  these  operations  within 
1  ordinary  couree  of  nature,^  and  thua  leant  to  the 
jtriue  of  uniformity,  of  which  we  have  afterwards  to 
ak.  Moro  was  encouraged  in  thJB  line  of  speculation 
the  extraordinary  occurrence,  as  it  was  deemed  by 
at  jiersonu,  of  the  rise  of  a  new  volcanic  inland  from 
eep  part  of  the  Mediterranean,  Tiear  Santoriao,  in 
jy.*  But  in  other  countries,  as  the  geological  facta 
re  studied,  the  doctrine  of  catastrophea  appeared  to 
D  ground.  Thus  in  England,  where,  through  a  la:^ 
t  of  the  country,  the  coal-measures  are  extremely 
lined  and  contorted,  and  covered  over  by  more  hori- 
tal  fiuguientary  beds,  the  opinion  that  some  violent 
istrophe  had  occurred  to  diflocate  tbero,  before  the 
lerincumbcnt  strata  were  deposited,  wns  strongly 
d.  It  yraa  conceived  that  a  period  of  violent  and  de- 
Dotive  action  must  have  succeeded  to  one  of  repose; 
I  that,  for  a  time,  some  unuitual  and  paroxysmal 
:;es  must  have  been  employed  in  elevating  and  break- 
the  pre-existing  strata,  and  wearing  their  fragments 

0  smooth  jiebblea,  before  nature  subsided  into  &  new 
\  of  tranquillity  and  vitality.  In  like  manner  Cuvier, 
n  the  alternations  of  freah-water  and  Siilt-water 
dee  in  the  strata  of  Paris,  collected  the  opinion  of 
nies  of  great  revolutions,  in  which  '  the  thread  of 
uction  was  broken."  Deluc  and  others,  to  whom  we 
B  the  first  steps  in  geological  dynamics,  attempted 
efully  to  distinguish  between  causes  now  iu  action, 

1  those  which  have  ceased  to  act;  in  which  latter 
is  they  reckoned  the  causes  which  have  elevated  the 
ating  continents.  This  distinction  waa  assented  to 
many  succeeding  geologists.  The  forces  which  have 
led  into  the  clouds  the  vast  chains  of  the  Pyrenees, 

Ups,  the  Andes,  must  have  been,  it  was  deemed, 
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something  very  different  from  &ny  agencies  no^ 

This  opinion  wm  furtlier  confirmed  by  tlie  appN^ 
Ance  of  a  complete  change  iii  the  forma  of  animaJ  mi 
vegetable  life,  in  paiising  from  one  formation  to  another. 
The  Bpeciea  of  which  the  remains  occurred,  were  entirslj 
different,  it  was  said,  in  two  Bncce»iive  epochs :  a  ne* 
creation  appears  to  have  ititerrened ;  and  it  was  readily 
believed  that  a  transition,  no  entirely  out  of  the  commoo 
course  of  the  world,  might  be  accompanied  by  panncjnmt 
of  mechanical  energy.  Such  views  prevail  extenaiWj 
among  geologists  up  to  the  present  time  :  for  instance, 
in  the  comprehensive  theoretical  generalixationa  of  Eli* 
de  Beaumont  and  others,  respecting  monntain-chaiiu^ 
it  is  sup|)osecl  that,  at  certain  vatit  intervals,  systeauaf 
mnuntaiua,  which  may  be  recognized  by  the  paralleliua 
of  course  of  their  inclined  beds,  have  been  disturbed  ' 
and  elevated,  lifting  up  with  them  the  aqueous  stnU 
which  had  been  deposited  among  them  in  the  inter- 
vening periods  of  tranquillity,  and  which  are  recogmwd 
and  identified  by  means  of  their  organic  remains:  and 
according  to  the  adherents  of  this  hj^potbesi^  thae 
sudden  elevations  of  mountain -chains  have  been  fol- 
lowed, again  and  again,  by  mighty  waves,  desobting 
whole  regions  of  the  earth. 

The  peculiar  bearing  of  snch  opinions  upon  th« 
progress  of  physical  geology  will  be  better  understood 
by  attending  to  the  doctrine  of  uniformity,  which  ii 
opposed  to  them,  and  with  the  consideration  of  which 
we  shall  close  our  survey  of  this  science,  the  last  branch 
of  our  present  task. 

Seal,  a.— Of  the  Dodrine  of  Geaiogiad  Uni/ormiig. 

The  opinion  that  the  history  of  the  earth  had  involved 
a  aeries  of  catastrophes,  confirmed  by  the  two  great 
classes  of  facta,  the  ajfmptonia  of  mechanical  violence 
on  a  very  large  scale,  and  of  complete  changes  in  the 
living  things  Ijy  which  the  earth  bad  been  tenanted, 
took  strong  hold  of  the  geologists  of  England,  France, 
oud  Germany.     Kutton,  though  bo  denied  that  there 
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1  evidence  of  a  beginning  of  the  present  state  of 
igs,  and  referred  many  processes  in  the  formation  of 
ita  to  exioting  causes,  did  not  assert  that  tlic  eleva- 
j  forces  which  raise  continetitii  from  the  bottom  of 

ocean,  were  of  the  same  order,  ua  well  as  of  the 
le  kind,  with  the  volcanoes  and  earthquates  which 
r  ehake  the  surface.  His  doctrine  of  unifomiitj' 
1  founded  rather  on  the  supposed  analogy  of  other 
39  of  Speculation,  than  on  the  exauiinution  of  the 
ount  of  changes  now  going  on.  '  The  Author  of 
ittre,'  it  was  said, '  baa  not  [Hfrniitted  in  His  works 
f  symptom  of  infancy  or  of  old  age,  05  any  sign  by 
ich  we  may  estimate  either  their  future  or  their  past 
ration :'  and  the  example  of  the  planetary  system 
8  referred  to  in  illustration  of  this.*  And  a,  general 
nuasion  that  the  champions  of  tliis  theory  were  not 
posed  to  accept  the  usual  opinions  on  the  subject  of 
tttion,  was  allowed,  perhaps  very  unjustly,  to  weigh 
ongly  againjit  them  in  the  public  opinion. 
While  the  rest  of  Europe  had  a  decided  bias  towards 
B  doctrine  of  geological  catastrophes,  the  phenomena 

Italy,  which,  as  we  have  seen,  had  already  tended 
soften  the  rigour  of  that  doctrine,  in  the  progress  of 
Ksulation  from  Stcno  to  Generelli,  were  destined  to 
tigate  it  still  more,  by  oonveiling  to  the  belief  of 
iformity  transalpine  geologists  who  had  been  bred 
.  in  the  catastropbist  ci'eed.  Tliia  effect  was,  indeed, 
idoaL  For  a  time  the  distinction  of  the  recent  and 
e  UHiaTy  period  was  held  to  be  marked  and  strong, 
■oocbi  asserted  that  a  large  portion  of  the  Sub- 
pennine  fossil  shells  belonged  to  a  living  species  of 
e  Mediterranean  Sea :  but  the  geologists  of  the  rest 

Europe  turned  an  incredulous  oar  to  this  Italian 
net;  and  tlie  {iersuasiou  of  the  distinction  of  the 
rtiary  ami  the  recent  period  was  deeply  im])re88ed  on 
ost  geologists  by  the  memorable  labours  of  Cuvier 
:d  Brongniart  on  the  Paris  ba^in.  Still,  as  other 
rtiary  deposits  were  esamined,  it  was  found  that 
ey  could  by  no  means  be  considered  as  contetnpo- 

yrsU.  1.4.9. 94- 


But  it  «M  Ml  kng  hetan  «  rerj  iU 

HHadtteflUil*atea«ltogeUMr.    In  iBii 

lb.  IjNia  «k  Mt «  »  faolaginl  tov  tbroogh  Fniu 


tot] 
■  vluek  were  iboid  in  «  fossil  atafa 
Bm  w  W  |MMd  &«■  tfce  Mrth  ta  the  aoath  of  Italj 
U  fcil.  hr  o— — iwlif  with  the  b«t  feviltn 
iihiihilJMi.  Bmtii  at  Tuia,  Gni^otti  at  Fubh,  CM 
»yi^Bi.thrtth»— h»rfettiiictipiwie«dncw«8d 
an  that  tk  bw  MialJiwil  BAtmliat,  from  >n  vxaium 
tiM  tf  tfc*  ImrI  ahclk  of  Otnak)  and  CUbrta,  and  a 
aeM,  was  of  efimoa  thai  few  of  Ih 
wafnauMt^MseiM.  To(<nmpI«letli 
( llr.  L5«U  hauMtf  explored  tb«  atfataa 
IkUk,  Had  Somai.  moo  feet  above  the  level  of  the  m 
«all  praaooBeed  to  be  of  ^newa  wn 
editmwwoB ;  aad  HMHt  after,  he  mmi 
mlktftkiu  of  a  wwiW  iemaif^*»  oB  the  IIm^  d 
Euu,  in  tke  Val  di  Xoto,  and  in  other  fdaoen. 

The  iiBfifi^uoA  pfodnoed   bf  these   retMahet   i 
dotcrihrd  by  hlnedC'     '  In  the  omne  of  my  toar  ^ 
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had  been  frequently  led  to  reflect  on  the  precept  of 
I>escarte!i,  thut  n  philosopher  ahonld  nnce  in  his  life 
doubt  everythiDg  he  had  been  taught;  but  I  still 
retained  eo  much  &ith  in  my  earlj  geological  creed  ws 
to  feel  the  most  lively  surprize  on  viaiting  Sortioo, 
Fentalica,  Syracuae,  and  other  parts  of  the  Val  di 
Koto,  at  beholding  a  limestone  of  enormous  thickness, 
filled  with  recent  shells,  or  sometimeg  with  mere 
CAsts  of  shells,  resting  on  rasirl  in  which  shells  of  Medi- 
terranean species  were  imbedded  in  a  high  state  of 
preservation.  Ail  idea  of  [necessarily]  attaching  a 
high  antiquity  to  a  regularly-stratified  limestone,  in 
which  the  casts  and  im]trc8sionfl  of  shells  alone  were 
visible,  vanished  at  once  front  my  mind.  At  the  same 
time,  I  was  struck  with  the  identity  of  the  associated 
igneous  rocks  of  the  Val  di  Noto  with  well-known 
Tariettes  of  'trap'  in  Scotland  and  other  parts  of 
Europe;  varieties  wliicli  I  had  alao  seen  entering  largely 
into  the  structure  of  Etna. 

'  I  occasionally  amused  myself,'  Mr.  Lyell  adds, 
'  with  speculating  on  the  different  rate  of  progress 
which  geology  might  have  made,  had  it  been  first 
cultivated  with  success  at  Catania,  where  the  phe- 
nomena above  alluded  to,  and  the  great  elevation  of 
the  modi'm  tertiary  beds  in  the  Val  di  Noto,  and  the 
clianges  produced  in  the  historical  era  by  the  Calabrian 
earthquakes,  would  have  been  familiarly  known.' 

Before  Mr.  Lyell  entered  upon  his  journey,  he  had 
put  in  the  hands  of  the  printer  the  Jirst  volume  of  his 
'  Principles  of  Geology,  being  an  attempt  to  explain 
the  former  Changes  of  the  Earth's  Surfnce  by  re/ertnee 
to  CiUMti  'noto in  Operation'  And  after  viewing  ouch 
phenomena  as  we  have  spoken  of,  he,  no  doubt,  judged 
that  the  doctrine  of  catastrophes  of  a  kind  entirely 
different  from  the  existing  courae  of  events,  would 
never  have  been  generally  received,  if  geologista  had 
at  first  formed  their  opinions  upon  the  Sicilian  strata. 
The  boundary  separating  the  present  from  the  anterior 
stAte  of  things  crumbled  away;  the  difference  of  fossU 
and  recent  epecies  had  disappeared,  and,  at  the  same 
time,  the  chaagm  of  position  which  tnaxiuft  altoXA^u^ 
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be  ill   excviEed   by   iileAding   Uie   obligatio 

appealing  to  known  causes.'" 

In  truth,  we  know  causes  only  bj  tbeir  e0 
attd  in  order  to  Ii;arn  the  nature  of  the  causes  « 
modify  Uie  earth,  wh  must  study  them  throug] 
ages  of  their  action,  and  Dot  select  arbitraril; 
period  in  which  we  live  as  the  stAndard  for  all  t 
epochs.  The  forces  which  have  produced  the 
and  the  Andes  are  known  to  us  by  experience,  n< 
than  the  forces  which  have  raised  Etos  to  its  pn 
height;  for  we  learii  their  amount  in  both  mst 
their  results.  Why,  then,  do  we  maJie  a  mer 
using  the  latter  case  as  a  measure  for  the  former  1 
how  can  we  know  the  true  scale  of  such  force,  ej 
by  comprehending  in  our  view  all  the  &cte  wbici 
can  bring  together  I 

In  reality,  when  we  speak  of  the  UHi/ormil 
nature,  are  we  not  obliged  to  use  the  term  in  a 
large  ReiiNe,  in  order  to  make  the  doctrine  at  all  teni 
It  includes  catastrophes  and  convulsions  of  a 


LjeU'n  Priucipla, 


iliag  iliia  Tourth 
\y  or  Fxbiins  ( 


emrnut  ind  palleot  grui  prol 

endMivoor  to  r«oncllp  the  futnier  In  ihi  Bri 

progrca.'  IQ  IbeiiiUi  edition,  fB  with  Ihc  I 

Ihll  whioii  ig.  I  prciume,  Ih;  cor-  In  Ihr   a 

nspanitln;  pussfi,  alibougli  il  l>  ■rgumenli 

trui>rerrMl  rrom  tbe  fourtb  la  tiis  tligirgcologicil  lusaffleJimeT, 

first  Book,  (B  I.  c.  xlll.  p  ]ij)  hg  i>  in  Bppelrincc  u  If  IhB  « 

recomincDdi.  initesd.  <  an  cimut  witlied  iilo  ruder  to  be  fn. 

■nil  pilleni  inquiry  liDw  fir  gnlo-  ta;  «  preiiuui   pkadtng    ■] 

gicsUppi^iniDCHU'CTvcancllnbte  Uie  doctrlns   of  cBiutropht 

nllli  Ilie  rivet  of  clumgea  now  [n  fore  he  weni  to  the  sludf  a 

pro(nvia.'  BdC  while  Mr,  Lveli  bu  liUng  ciuhii.     The  Oocirtn 

ttiiu  loftened  the  adiDute'a  cha-  Calutrophci  und  of  Dotfto' 

nxtrr  In  hi>  luijpiaf  e  Id  thi>  pu-  and  the  oUier  leading  qutaUi 

■agb  tbe  tran>|XHllluB   wblob    I  tbe    ralKtiotoglcal    Soiencn 

have  noiloedappeantometohan  further  dlKUwed  inlhenUliii 

an  oppoillA  Un&enc] .    YirVaVba  i^f  Uo.  Indvctive 
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extensive  and  intense  kind;  wliat  is  the  limit  U>  tlio 
Tiolence  which  we  mnst  allow  to  these  cliangesl  In 
order  to  euablu  ouraelves  to  repreHcnt  gflologicrtl  causca 
as  operating  with  uniform  eiiurgy  tlirough  all  time,  wu 
must  measure  our  time  hy  long  cycles,  in  which  re|)OHa 
luid  violence  alternate;  how  long  may  we  extend  tiiin 
cycle  of  change,  the  repetition  of  which  we  express  liy 
the  word  uni/oirmity  } 

And  why  must  we  BUppose  that  all  our  experience, 
geological  as  well  as  hbtorical,  includes  more  than 
otte  such  cycle!  Why  must  wo  insist  upon  it,  thnt 
man.  has  Ueeii  long  enough  an  observer  to  obtain  the 
average  of  forces  which  are  changing  through  imracn- 
Burable  time) 

The  analogy  of  other  sciences  has  been  referred  to, 
as  sanctioning  this  attempt  to  refer  the  whole  train  of 
facts  to  known  causes.  To  have  done  this,  it  has  been 
said,  is  the  glory  of  Astronomy:  she  seeks  no  hidden 
virtues,  but  explains  all  by  the  force  of  gravitation, 
which  we  witness  operating  at  every  moment.  But 
let  lis  ask,  whether  it  would  really  have  bettn  a  merit 
in  the  foundei-s  of  Physical  Astronomy,  to  assume  thnt 
the  celestial  revolutions  resulted  from  any  selected 
classof  known  cansest  When  Newton  first  attempted 
to  explain  the  motions  of  the  moon  by  the  force  of 
gravity,  and  failed  because  the  measures  to  which  he 
referred  were  erroneoiis,  would  it  have  been  phi!i>- 
Bophical  in  him,  to  insiHt  that  the  difference  which  he 
found  ought  to  be  overlooked,  since  otherwise  wa 
should  be  compelled  to  go  to  caiisea  other  than  those 
which  we  usually  witness  in  action)  Or  was  there 
any  praise  due  to  those  who  assumed  the  celestiul 
forces  to  be  I  he  same  with  gravity,  rather  than  t^?  thoNS 
who  assimilated  them  with  any  other  known  force,  ivn 
magnetism,  till  the  calculiition  of  the  laws  and  amount 
of  these  foi-ces,  from  the  celestial  phenomena,  had 
clearly  sanctioned  such  an  identification!  We  are  not 
to  aeleot  a  conclusion  now  well  proved,  to  pBrsiuido 
ouraelves  that  it  would  have  been  wise  to  assume  it 
anterior  to  proof,  and  to  attempt  to  philosupljiie  iu 
the  method  tbaa  recommended.  
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A  gain,  the  analogy  of  Astronomy  has  been  referred  tc^ 
as  confirming  the  assumptina  of  |>erpetual  UDiformi^. 
The  analysis  of  tlie  heaveuly  motions,  it  hua  been  will, 
supplies  no  trace  of  a  beginning,  no  promise  of  na  eml 
But  hure,  also,  this  analogy  is  erroneously  appllHl, 
Astronomy,  as  the  science  of  cyclical  niotiotia,  ha 
nothing  in  common  with  Geology.  But  look  at  AsOo- 
nomy  where  she  haa  an  analogy  with  Geology;  ocmBidtr 
our  knowledge  of  the  heavens  as  a  palvtiologicRl 
science ; — sb  the  study  of  a  past  condition,  from  whidi 
the  present  is  derived  by  causes  acting  in  tiin&  li 
there  then  no  evideneeof  a  beginning,  or  of  aprt^TMil 
What  is  the  import  of  the  Nebular  HypothraisI  A. 
luminous  matter  is  condensing,  solid  bodies  are  fontuag, 
are  ariiinging  thenutelves  into  aystems  of  cyclical 
motion ;  in  short,  we  have  exactly  what  we  an  told, 
on  this  analogy,  we  ought  not  to  have; — the  begiuniiig 
of  a  world.  I  will  not,  to  justify  this  argument, 
maintain  the  truth  of  the  nebular  hypotheaia;  but  if 
geologists  wish  to  borrow  maxima  of  pliilosophiang 
from  astronomy,  suck  speculations  as  have  led  tu  tb«t 
hy]>otheais  must  be  their  model. 

Or,  let  them  look  at  any  of  the  other  provinces  of 
palffitiological  speculation ;  at  the  history  of  states,  of 
civilization,  of  languages.  We  may  assume  some  rr- 
teiManee  or  connexion  between  the  principles  wbti^ 
determined  the  progress  of  government,  or  of  so^e^, 
or  of  literature,  in  the  earli(.>st  ages,  and  those  which 
now  operate ;  but  who  has  speculated  successfully, 
afwumtng  an  identity  of  such  causes  1  Where  do  ws 
now  find  a  Inngii^e  in  the  process  of  formation, 
unfolding  itself  in  infiexions,  terminations,  changes  of 
vowels  by  grammatical  relations,  such  aa  characterixe 
the  oldest  known  languages  I  Where  do  we  see  s 
nation,  by  its  natural  faculties,  inventing  wndn^  or 
the  arts  of  life,  aa  we  find  them  in  the  moat  Micieiit 
civilizetl  nations!  We  may  assume  hypotketieslly, 
tliiit  man's  facuHioa  develop  themselves  in  those  wayn; 
htU  we  see  no  such  effects  produced  by  these  faculties, 
in  our  own  time,  and  now  in  progress,  witliout  the 
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Is  it  not  clear,  in  all  tliese  cases,  that  history  does 
not  exhibit  a  series  of  cycles,  the  nggregate  of  whicii 
may  be  represented  as  a  uuiform  state,  without  indi- 
catjon  nf  origin  ur  terminatioD  1  Does  it  uot  rather 
■eem  evident  that,  in  reality,  the  whole  course  of  the 
world,  from  the  earliest  to  the  present  times,  is  but 
ont  cycle,  yet  unfiniuhod; — offeriug,  indeed,  uo  clear 
evidence  of  the  mode  of  ita  beginning;  but  still  less 
entitling  ns  to  consider  it  as  a  repetition  or  series  of 
repeUtions  of  what  had  gone  before } 

Thus  we  find,  in  the  analogy  of  the  sciences,  no  con- 
firmation of  the  doctrine  of  uuiforoiity,  as  it  has  been 
maintuined  in  Geology.  Yet  we  discern,  in  this  analog^', 
no  ground  forresigning  our  hope,  that  future  researches, 
both  ill  Geology  and  in  other  palxtiolngical  sciences, 
may  throw  much  additional  lighE  on  the  question  of 
the  nuifurm  or  catastrophic  {imgress  of  things,  and  on 
the  earliest  history  of  the  earth  and  of  man.  But 
when  we  see  how  wide  and  complex  is  the  range  of 
apeciilation  to  which  our  analogy  has  referred  us,  we 
may  well  bo  disposed  to  pause  in  our  review  of  science; 
— to  survey  from  our  present  position  the  ground  that 
we  have  passed  over; — and  thus  to  collect,  so  far  aa  we 
^"^Tr  giiidance  and  encouragement  to  enable  us  to 
advance  in  the  ti-ack  which  lies  before  us. 

Before  we  quit  the  subject  now  under  consideration, 
we  may,  however,  observe,  that  what  the  analogy  of 
science  really  teaches  us,  aa  the  moat  promising  means 
of  promoting  thia  science,  is  the  strenuous  cultivation 
of  the  two  subordinate  sciences,  Geological  Knowledge 
of  Facts,  and  Geological  Dynamics,  These  are  the 
two  provinces  of  knowledge — corresponding  to  Phe- 
nonienal  AatrODomy,  and  Mathematical  Mechanics — 
which  may  lead  on  to  the  epoch  of  the  Newton  of 
geology.  We  may,  indeed,  readily  believe  that  we 
have  much  to  do  in  both  these  departments.  While 
go  large  a  portion  of  the  globe  is  geologically  unex- 
plored;— while  all  the  geneiivl  views  which  are  to 
extend  our  classifications  satisfactorily  from  one  hemi- 
sphere to  another,  from  one  zone  to  another,  are  atill 
unformed;  while  the  orgamc  foaails  of  the  ttO'fica  k» 
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atinost  unknowu,  and  their  general  relation  to  At 
existing  state  of  tliiiiga  lias  not  even  been  mnjectiin^ 
— huw  can  we  expect  to  s|)eculata  rightly  and  Mcnn))^ 
respecting  tl»e  history  of  the  whole  of  our  globel  AbI 
if  Geological  Classification  »ud  Description  are  &» 
imperfect^  the  knowledge  of  Geological  Causes  i>  tO 
more  ao.  As  we  have  seeii,  the  necessity  and  da 
method  of  constructing  a  science  of  such 
only  just  beginning  to  be  perceived.  Here,  then.  » 
the  )ioint  where  the  labours  of  geologists  may  b«  aw- 
fully applied;  and  not  in  premature  attempts  todeeiife 
tlie  widest  nnd  abstrusesl  questions  which  the  hunu 
iiiinU  can  propone  to  itaelC 

It  hsfi  been  stated,"  that  when  the  Qeolopol 
Society  of  London  was  formed,  their  professed  object 
was  to  multijily  and  record  observations,  and  patieatlj 
to  await  the  result  at  some  future  time;  and  their 
fitvourite  maxim  was,  it  is  added,  that  the  time  vu 
not  yet  come  fi)r  a  General  System  of  Geology,  This 
was  a  wise  and  philosophic  temper,  and  a  dut 
appreciation  of  their  jiosition.  And  even  now,  thor 
task  is  not  yet  finished ;  their  mission  is  not  yet  •»■ 
complished.  They  have  still  much  to  do,  in  the  wij 
of  collecting  Facts;  and  in  entering  apon  the  exact 
estimation  of  Causes,  they  have  only  just  thrown  open 
the  door  of  a  vast  Labyrinth,  which  it  may  emplo; 
many  generations  to  ti-averse,  but  which  they 
needs  explore,  before  they  can  penetrate  to  the  Oi 
Chiimber  of  Truth. 


I  REJOICE,  on  mnny  accounts,  to  find  myself  arriving  at 
the  termination  of  the  task  which  I  have  attempted. 
One  reason  why  I  am  glad  to  close  my  history  is,  that 
in  it  I  have  been  compelled,  especially  in  the  latter 
p]ii't  of  my  labouttt,  to  speak  a,,  a  judge  respecting 
eniinent  philosophers  whom  I  reverence  as  my  Teachers 
in  those  very  sciences  on  whi-:h  I  have  bad  to  pronoanoB 


Two  ANTAGONIST  DOCTltlKES  OF   GEOLOGY. 


5^9 


W^^iAgment ; — if,  indeed,  even  the  appellation  of  Pupil 
B  not  too  presumptuous.  But  I  doubl  not  that  suoh 
D  are  as  full  of  candour  ftnd  tolerance,  as  they  are 
icDowledge  and  thought.  And  if  they  deem,  as  I  did, 
t  such  a  history  of  acience  ought  to  be  attempted, 
r  will  know  that  it  was  not  onJy  the  historian's 
rll^e,  but  his  duty,  to  estimate  the  import  and 
nint  of  tJie  adrances  which  he  had  to  narrate ;  and 
Siey  judge,  aa  I  trust  they  will,  that  the  attempt 
|l  been  made  with  full  lutegrity  of  intention  and  no 
|bt  of  labour,  they  will  look  npon  the  inevitable 
lerfections  of  the  execution  of  my  work  with  in- 
e  and  hope. 
^There  is  another  source  of  satisfaction  in  arriving  at 
B  point  of  my  labours.  If.  after  our  long  wandering 
Bpegh  the  region  of  physical  saience,  we  were  left 
"i  minds  unsatisfied  and  unraised,  to  ask, '  Whether 
B  be  allf — onr  employment  might  well  he  deemed 
y  and  idle.  If  it  appeared  that  all  the  vast  labour 
intense  thought  which  has  passed  under  our 
lew  had  produced  nothing  but  a  barren  Knowledge 
'  the  external  world,  or  a  few  Arts  niitiistering 
merely  to  our  gratification ;  or  if  it  seemed  that  the 
methods  of  ariiving  at  truth,  so  succe^fuUy  applied 
in  these  cases,  aid  us  not  when  we  come  to  the  higher 
aims  and  prospects  of  our  being; — this  History  might 
well  be  estimated  as  no  less  melancholy  and  ungirofi table 
than  those  which  narrate  the  wars  of  states  and  the 
wileH  of  statesmen.  But  such,  I  trust,  is  not  tha  im- 
preasion  which  our  survey  has  tended  to  produce.  At 
various  points,  the  researches  which  we  hare  followed 
out,  have  offered  to  lead  us  from  matter  to  mind,  from 
the  external  to  the  internal  world;  and  it  was  not 
because  the  thread  of  investigation  snapped  in  our 
hands,  but  rather  because  we  were  resolved  to  confine 
ourselves,  for  the  present,  to  the  material  sciences, 
that  we  did  not  proceed  onwards  to  subjects  of  &  closer 
interest.  It  will  apjteav,  also,  I  trust,  that  the  ma'tt 
perfect  method  of  obtaining  speculutive  tnith, — that 
of  which  I  have  had  to  relate  the  renult, — is  by  no 
)fi£ned  to  the  least  worthy  snliiccta;  bat  ti 
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the  Methods  of  le&miug  whet  'm  really  tnie,  thong 
they  must  aaaume  diflereiit  aspects  in  c 
mere  conteniplation  of  exteroal  objecte  i 
and  where  our  own  intermJ  world  of  thought,  feeling 
and  will,  supplies  the  matter  of  our  speciilatione,  have 
]ret  a  unity  and  hftrmooy  throughout  alt  the  poadble 
eraptoymeuts  uf  our  minds.  To  bo  able  to  trace  hdcIi 
conneslotiB  as  this,  is  the  proper  sequel,  and  would  bv 
the  high  rewai'd,  of  tlmlabiiur  which  has  been  bestowed 
oa  the  present  work.  And  if  a  i>ersnBAiaii  of  the 
reality  of  such  connexions,  mad  a  prepttrtttion  for 
studying  them,  have  been  conveyed  to  the  reader's 
mind  white  be  has  been  accompanying  me  through  oiir 
long  survey,  his  time  may  out  have  been  ejnployed  an 
these  pages  in  vain.  However  vague  and  hentstiiq; 
and  obscure  njay  te  auch  a  persuasion,  it  belongs  I 
doubt  not,  to  the  dawning  of  a  better  FhiloaofJiy, 
which  it  may  be  my  lot,  peihapa,  to  develop  morefiUlv 
hereafter,  if  permitted  by  that  Superior  Power  to 
whom  all  sound  philosophy  directs  our  thoughta. 
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ELECTRICITY. 


GexEiuL  Remabks. 


H      ADDIT 

HpLECTRICITY  in  the  form  in  which  it  was  origi- 
^^^Li  lully  studied— FraDklinic,  frictional,  or  statical 
electricity^ — has  been  so  completely  identified  with 
electricity  in  its  moi'e  comjirehensive  fomi — Voltaic, 
chemical,  or  dynamical  electricity — that  any  additions 
we  might  have  to  make  to  the  history  of  the  earlier 
form  of  the  subject  are  included  in  the  later  science. 

There  are,  however,  several  subjects  which  may  still 
be  regarded  rather  as  branches  of  Electricity  than  of 
the  Cognate  Sciences.  Such  are,  for  instance,  Atmo- 
spheric Electricity,  with  all  that  belongs  to  Thunder- 
storms and  Lightning  Conductors.  The  observation  of 
AtmoB])herio  Electricity  has  been  proHecuted  with  great 
zeal  at  voriotta  meteorological  observatories;  and  espe- 
cially at  the  Observatory  eatablislied  by  the  British 
Association  at  Eew.  The  Aurora  Borealis,  again,  is 
plainly  an  electrical  phenomenon ;  but  probably  belong- 
ing rather  to  dynamical  than  to  statical  electricity. 
For  it  strongly  affects  the  magnetic  needle,  and  its 
position  has  reference  to  the  direction  of  magnetina; 
but  it  has  not  been  observed  to  affect  the  electroscope. 
The  general  features  of  this  phenomenon  have  been 
described  by  M.  de  Humboldt,  and  more  recently  by 
M.  de  Bravais;  and  theories  of  the  mwie  of  its  pro- 
duction have  been  propounded  by  MM.  Biot,  De  la 
Rive,  Kaenitz,  and  others. 

Again,  there  are  several  fishes  which  have  the  power 
t^ giving  AH  eleatrical  shock; — the  lot|ieAti,  t\ift  ^la- 
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notufl,  and  the  Bilurus.  The  agency  of  these  creatura  1 
has  been  identified  with  electricity  in  the  niofit  genwil  I 
uense.  The  jieeuliar  eoei^  of  the  animal  has  been 
maile  to  produce  the  effects  which  are  produced  by  u 
electrical  dischnrge  or  a  voltaic  current : — not  onlj  I 
destroy  life  in  sm^  aniniala,  but  to  deflect  a  magiiet, 
to  make  a  magnet,  to  decompose  water,  and  to  pro- 
duce a  spark. 

jOt.  Faraday't  Views  o/Slatinal  Elretr^  Induclwn. 

According  to  the  theories  of  electricity  of  Spinas 
and  Coulomb,  which  in  this  Book  of  our  History  are 
regarded  as  cooatituting  a  roian  part  of  the  progteas 
of  this  jwrtion  of  science,  the  particles  of  the  electric 
fluid  or  fluids  exert  forces,  attractive  and  repulsive, 
upon  each  other  in  straight  lines  at  a  distance,  in  the 
same  way  in  which,  in  the  Newtonian  theory  of  the 
universe,  the  particles  of  matter  are  conceived  m 
exerting  atti'scttvo  forces  upon  each  other.  An  elec- 
trized body  presented  a  conducting  body  of  any  fons, 
determines  a  new  arrangement  of  the  electric  fluids  ia 
the  conductor,  attracting  the  like  fluid  to  its  own  side, 
and  repelling  the  opposite  fluid  to  the  opposite  side. 
This  is  Electrical  Inductum.  And  as,  by  the  theoiy, 
the  attraction  is  greater  at  the  smaller  distances,  the 
distribution  of  the  fluid  upon  the  conductor  in  virtue 
of  this  Induction  will  not  be  symmetrical,  but  will  be 
governed  by  laws  which  it  will  require  a  complex  and 
diflicult  calculation  to  determine — as  wo  have  seem  wu 
the  case  iu  the  investigations  of  Coulomb,  Foiasoo,  and 
others. 

Instead  of  this  action  at  a  distance,  Dr.  Faraday  has 
been  led  to  conceive  Electrical  Induction  to  be  the 
result  of  an  action  taking  place  between  the  electrised 
body  and  the  conductor  through  lines  of  contiguous 
particles  in  the  mass  of  tlie  intermediate  body,  which 
he  ealla  the  Dieleclrie.  And  the  irregularities  of  the 
distribution  of  the  electricity  in  these  cases  of  Induc- 
tion, and  indeed  the  existenod  of  an  action  in  ]>ointi 
protected  from  dmct  wAvut  \v^  IW  Y^tfeJicvnivt  udea 
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e  c»nductor,  &re  the  causes,  I  conceive,  whicli  lead 
to  the  couclusioD  that  Induction  takes  place  in 
!rf  Wnegl  of  such  contiguous  particles. 
ith  reference  to  thja.  I  may  I'eamrk  that,  as  I  have 
the  distribution  of  electricity  on  a  conductor  in 
presence  of  an  electrized  body  is  bo  complex  a 
lematical  problem  that  I  do  not  conceive  any 
>ly  popular  way  of  regarding  the  result  can  entitle 
)  say,  that  the  distribution  wliich  we  find  cannot 
ixplained  by  the  Coulorabian  theory,  and  muat 
)  us  upun  the  assumption  of  an  action  in  curved 
i; — which  is,  indeed,  itself  a  theory,  and  so  vague  a 
that  it  requires  to  be  made  much  more  precise 
re  we  can  say  what  consequences  it  doea  or  doee 
lead  ta  Professor  W.  Thomson  has  arrived  at  a 
bematical  proof  that  the  efiect  of  induction  on  the 
'  of  Coulomb  and  of  Faraday  must,  under  certain 
litions,  be  necessarily  and  universally  the  same, 
''ith  regard  to  the  influence  of  different  DieUclrrca 
I  Induction,  the  inquiry  appears  to  be  of  the  highest 
jrtance;  and  may  certainly  necessitate  some  addi- 
to  the  theory. 
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Recent  Progre»g  of  Terreatrial  yfagnctitm. 

IN  Chapter  II.,  I  have  noticed  the  history  of  To- 
reatrial  Magnetism ;  Hansteeu'a  map  published  in 
1819;  the  disco  vciy  of  'magnetic  storms'  about  1815; 
the  chain  of  associated  magnetic  obserrations,  sngg»l«d 
by  M.  de  Humboldt,  and  promoted  by  the  Biitish  Amo- 
ciation  and  the  Royal  Society;  the  demand  for  tlw 
continuation  of  these  till  1848;  the  magnetic  obeemi- 
tions  made  in  several  voyages;  the  magnetic  surveyi 
of  TfiriouB  countries.  And  I  have  spoken  also  of 
GauRs'a  theory  of  Terrestrial  Magnetism,  and  hie  direc- 
tions and  requirements  ccinceming  the  observationi to 
be  made.  1  may  add  a  few  words  with  regai-d  to  tltt 
more  recent  progress  of  the  Hubject. 

The  magnetic  observations  made  over  large  portiontof 
the  Earth's  aurface  by  various  persons,  and  on  the  Ooeu 
by  British  officers,  have  been  transmitted  to  Woolwich, 
where  they  have  been  emjiloyed  by  General  Sabineis 
constructing  magnetic  maps  of  the  Earth  for  the  yew 
1840.'  Following  the  course  of  inquiry  desert  t»ed  in  the 
part  of  the  history  referred  to,  these  majis  exhibit  the 
declination,  inclination,  and  intensity  of  the  magnetic 
force  at  every  point  of  the  earth's  suriaci".  The  curvs 
which  mark  equal  amounts  of  each  of  these  three  ele- 
ments (the  lines  of  equal  declvnation,  inclination,  aixl 
foree : — the  isogonal,  the  isorlinal,  and  tlie  i^odjfname 
lines,)  are,  in  their  general  form,  complex  and  irregnlarj 
audit  has  been  made  a  matter  ofqiiestion  (the  facts  being 
agreed  upon)  whether  it  be  more  pro[>er  to  say  that  ti^ 
indicate  four  poles,  as  Halley  and  as  Hansteen  said,  01 
only  two  poles,  as  Gauss  asserts.     The  matter  appMit 
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■to  become  more  clear  if  we  draw  magnetic  meriiUnna; 
that  is.  lines  obtained  by  following  the  liirection.*,  or 
pointings,  of  the  magnetic  needle  to  the  north  or  to  the 
south,  till  wo  arrive  at  their  pointg  of  convergence  of 
all  their  directions;  for  there  are  only  two  fuM  poles, 
one  in  the  Arctic  and  one  in  the  Antarctic  region.  But 
in  consequence  of  the  irregularity  of  the  magnetic  con- 
Blitntion  of  tie  earth,  if  we  follow  the  inclination  or 
the  magnetic  force  round  the  earth  on  any  parallel  of 
Indtude,  we  find  that  it  has  two  mnxima  and  two 
miniwa,  as  if  them  wera  four  magnetic  poles.  Thii 
isodynamic  map  ia  a  new  presentation  of  the  facts  of 
this  fitibject;  the  first  having  been  coiiHtruotecJ  by 
Colonel  Sabine  in  1837. 

I  have  stated  also  that  the  magnetic  elements  at 
each  place  are  to  be  observed  in  snch  a  manner  as  to 
bring  into  riew  both  their  periodical,  their  mcular,  and 
their  irreguinr  or  oer.aaumal  changes.  The  observa- 
tions made  at  Toronto  in  Canada,  and  at  Hobart  Town 
in  Yan  IHemen's  Land,  two  stations  at  equal  distances 
from  the  two  poles  of  the  earth,  and  also  at  St  Helena, 
a  station  within  the  tropics,  have  been  discussed  by 
General  Sabine  with  great  care,  and  with  an  amount 
of  labour  approaching  to  that  employed  upon  reduc- 
tions of  astronomical  observations.  And  the  results 
hare  been  curious  and  unexpected. 

The  declination  was  first  examined.'  This  mag- 
netical  element  is,  as  we  have  already  seen  (p.  53), 
liable  both  to  a  diurnal  and  to  an  annual  inequality; 
and  also  to  irregular  perturbations  which  have  been 
termed  magnetic  storms.  Now  it  was  found  that  all 
these  inequalities  went  on  increasing  gradually  and 
steadily  from  1 843  to  1 848,  so  as  to  become,  at  the  end 
of  that  time,  alnjve  twice  as  large  as  they  were  at  the 
be^nning  of  it.  A  new  periodical  change  in  all  the.4e 
elements  appeared  to  be  cleaily  establisheil  by  this 
examination.  M.  Lamont,  of  Munich,  had  already 
remarked  indications  of  a  decennial  period  in  the 
dliimol   variation   of   the    declination    "f   the  needle. 

•  PM.  Tfammu 
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^H  Tlie  duratjon  of  the  period  from  ntinimuiu 

^B  iDum  bein^  about  five  years,  and  therefore  llie  wbnk 

^^  period  about  ten  years.      The  same  cooclusioD  wu 

^H  fotmd  to  follow  still  mope  decidedly  from  the  ohnert*- 

^H  tions  of  the  dip  and  iutensity. 

^H  This  period  of  ten  years  had  no  familiar  meanitig  in 

^H  fwitronaiity ;  and  if  none  such  had  been  fmiiid  for  it,iu 

^B  occurrence  aa  a  mn^etio  period  must  h^ire  been  n- 

^V  garded,  an  General  ^bine  says,"  in  the  light  of  a  bt^ 

^M  mentary  fact.     But  it  hapgiened  ab'>ut  thia  time  llttt 

^1  the  scientific  world  waa  made  aware  of  the  existenoe  of 

^H  a  like  period  in  a  phenomenon  which  nn  one  wuulj 

^M   '  have  guessed  to   be   connected  with   terrestrial  in»|- 

^M  netism,  namely,  the  spKiU  in  the  Sun.    M.  Sehwabe,  uf 

^H  Dessau,  had  observed  the  Sun's  disk  vith   immense 

^B  perseverance  for  34  years: — often  examining  it  mare 

^H  tlian  300  days  in  the  year ;  and  had  found  that  tht 

^H  spots  had,  as  to  their  quantity  and  frequency,  a  p^iio- 

^m  dical  character.     The  years  of  maximum  are  iSiit, 

1838,  1848,  in  which  there  were  respectively  J!5,' 
382,  330  grouiB  of  spots.  The  minimum  years,  i8jj. 
1843,  had  only  33  and  34  such  groups,  Thia  curium 
fact'  was  lirat  made  public  by  M.  de  Humboldt,  in 
the  third  volume  of  hia  ICosm-JS  (1850).  Tlie  coiniv 
dence  of  the  periods  and  epochs  of  these  two  clasws  fi 
facts  was  pointed  out  by  General  Sabine  in  a  Memoir 
presented  to  the  Royal  Society  in  March,  1851. 

Of  course  it  was  natural  to  suppose,  even  bd«t» 
this  diMioveiy,  that  the  diurnal  and  annual  iaequaliliH 
of  the  magnetic  element  at  each  place  de^ieud  tijioa 
the  action  of  the  sun,  in  some  way  or  other. 

Dr.  Faraday  hnd  endeavoured  to  point  out  how  tb 
efiect  of  the  solar  heat  upon  the  atmosphere  wouU, 
according  to  the  known  relations  of  heal  and  n^ 
netism,  explain  many  of  the  phenomena.  But  this  M* 
feature  of  the  phenomena,  their  quinquennial  iiuniH 
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decrease,  makes  ns  doubt  whether  such  an  ex]ilii- 
.ou  can  really  be  the  trup  one. 
If  the  eecular  changes  in  the  magnetic  elements, 
niuah  more  is  known  than  was  known  some  years 
These  changes  go  on,  but  their  lawa  are  imper- 
ly  known,  and  their  causes  not  even  conjectured. 
Hanat«en,  in  a  recent  memoir,^  says  that  the 
reaae  of  the  inclination  goes  on  progre^ively  dimi- 
ling.  With  us  this  rate  of  decrease  appears  to  be 
present  nearly  uniform.  We  cannot  help  con- 
uring  that  the  sun,  which  has  so  plain  a  connexion 
li  the  dinrnal,  annual,  and  <  '  ' 
needle,  mnat  also  have  bo 
liar  movements. 

n  1840  the  observations  made  at  1 
to  a  great  extent  enabled  Gauss,  ii: 
Weber,  to  apply  his  Theory  to  the  actual  couditioa 
,he  Earth  ;^  and  he  calculated  the  Declination, 
i nation,  and  Intensity  at  above  100  places,  and 
id  the  agreement,  as  he  says,  ikr  beyond  his  hopes. 
y  nhow,  he  says,  that  the  Theory  comes  near  to 
Truth. 

Correction.  o/Ships'  Compagses. 

'he  magnetic  needle  had  become  of  importance 
in  it  was  found  that  italways  pointed  to  the  Norllj, 
re  that  time  the  history  of  magnetism  has  hsA  itit 
nt8  reBected  in  the  history  of  navigation.  Thu 
age  of  the  declination  arising  from  n  change  of 
le  t«iTified  the  companions  of  Columbus.  The 
irmination  of  the  laws  of  this  change  wa«  the 
!Ct  of  the  voyage  of  Halley;  and  has  been  ptirsued 
1  the  utmost  energy  in  the  Arctic  and  Antarctic 
ous  by  narigators  up  to  the  jjresent  time.  Pro- 
ly  the  dependence  of  the  magnetic  declination  upon 
:e  is  now  known  well  enough  for  the  purposua  of 
igation.     But  a  new  aource  of  ililEculty  hu  in  tho 
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mean  time  come  into  view;  the  effect  of  the  iron  ia  ' 
the  ebip  upon  the  Compass.  And  this  has  gnne  ob 
ittorea^g  aa  giins,  cables,  stains,  luu<e3,  have  be«n  mtdi 
of  iron:  then  ateam-engtnoa  with  funnels,  wheek,  ami 
screws,  have  been  added;  and  finally  the  whole  ahip 
has  been  mnde  of  iron.  How  can  the  compafls  b« 
trusted  in  anch  caaea  t 

I  have  already  suid  in  the  higtory  that  Mr.  Bailo*' 
proposed  to  cori'ect  tbe  error  of  the  compass  by  placing 
near  to  the  compass  an  iron  plate,  which  from  tta  [»roi- 
imtty  to  the  compass  might  counts rhalaoce  magneti- 
cally the  whole  effect  of  the  ship's  iron  upon  the  com[«n. 
This  correction  was  not  effectual,  because  the  magnetic 
forces  of  the  plate  and  of  the  ship  do  Dot  chai]ge  Cbcir 
direction  and  value  according  to  the  same  law,  «ii}i 
the  change  of  position.  I  have  further  stated  thu 
Mr,  Airy  derised  other  means  of  correuting  the  error. 
T  may  add  a  few  wonla  on  the  subject :  for  the  subjeCT 
has  been  further  examined  by  Mr.  Aiiy*  and  by  othen. 

It  appears,  by  mathematical  reasoning,  that  tli» 
magnetic  effect  of  the  iron  in  a  ship  may  bt*  regarded 
as  producing  two  kinds  of  deviation  which  are  addrd 
together;-^a  '  polar-maguet  deviatiou,"  which  ahangei 
from  positive  to  negative  as  the  direction  of  the  ship'i 
keel,  in  a  horizontal  revolution,  passes  from  scmidrde 
to  semicircle;  and  a  'quadrantal  deviation,'  whi^ 
changes  from  positive  to  negative  as  the  keel  turn* 
from  quadrant  to  quadrant.  The  latter  deviation  msT 
be  remedied  completi-iy  by  a  mass  of  unmngnetiztd  iron 
placed  on  a  level  with  the  com])aas,  either  iu  the 
athwartahip  line  ur  in  the  fore-aud-iill  line,  according 
to  ciroum stances,  '  The  polar-magnet  deviation'  may  1* 
corrected  at  any  given  place  by  a  magnet  or  magnetv 
but  the  magnets  thus  applied  at  one  place  will  not 
always  correct  the  deviation  in  another  magnetic  Ud- 
tude.  For  it  appears  tliat  this  deviation  arises  partlv 
from  a  magnetism  inherent  in  the  materials  of  th'« 
ship,  not  changing  with  the  change  of  magnetic  poa- 
tion,  and  partly  from  the  effect  of  terrtwtriaJ  i 
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I'uiTa  upon  the  ship's  iron.  Bat  tlie  errors  arising  from 
botli  aoiirces  may  be  remedied  by  ]i4)"^^'''s'  ^^  ^  '>*>'"' 
locLility,  the  positisDs  of  tlie  coi'i'ective  magnets. 

The  inherent  magnetiaru  of  the  iihip,  of  whicli  I 
have  spoken,  may  be  much  affucted  by  the  position  in 
which  the  ahip  was  built ;  and  may  change  from  time 
to  time;  for  instance,  by  the  etfect  of  the  battering  nf 
the  vjtvea,  and  otlier  caused.  Hence  it  la  called  by 
Mr.  Airy  '  sub-pen minent  mogaetiam.' 

Another  method  of  correcting  the  errors  of  a.  ship's 
compd^a  has  been  proposed,  and  is  used  to  some 
extent ;  namely,  by  gmiagiiig  the  ship  round  (in 
harbour)  to  all  points  of  azimuth,  and  tlina  construct- 
ing a  T'Me  of  Compasi  Errors  for  that  particular  shi]). 
But  to  this  method  it  is  objected  that  the  Table  loses 
its  value  in  a  new  magnetic  latitude  much  more  thai 
the  correction  by  magnets  does;  besides  the  incon- 
Teniencea  of  steering  a  ship  by  a  Table. 
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CHAPTER  Till. 
Maoseto-klbctbic  Isductios, 

FARADAY'S  disoovery  that,  in  combinntions  lib 
those  in  which  a  voltaic  current  was  kii^wn  to  p»- 
ditce  motiou,  motiou  would  produce  a  voltaic  cgmtrt, 
naturHllj  excited  great  attention  among  the  scientific 
men  of  Europe.  Thegeneral  natareof  hisdi»:oveiy  wn 
eommunicated  by  letter'  to  M.  Hachette  at  I^n5,ii 
December,  1831;  andexperimeutshavingthelikeRsohi 
were  forthwith  made  by  MM.  Becquorel  and  Anptn 
at  Paris,  and  KIM.  NobUi  and  Antinori  at  Floreooe. 

It  was  natural  also  that  in  a  case  in  which  tk 
relations  of  space  which  determine  tlie  rceulbi  an  w 
complicated,  different  philoaophers  should  look  at  thsn 
in  different  ways.  There  had  been,  from  tie  first  dis- 
covery by  Oersted  of  the  effect  of  a  voltaic  cniral 
upon  a  inagnet,  two  rival  methods  of  regarding  tbt 
facts.  Electric  and  magnetic  lines  exert  an  effort  tt 
place  themselves  transverse  to  each  other  (see  chutcr 
iv.  of  this  Book),  and  (as  I  have  already  xaid)  two  wm 
offered  themselves  of  simplifying  this  general  tnth.'— 
to  suppose  an  electric  current  made  up  of  ttannena 
magnetic  lines;  or  to  suppose  magnetic  lines  made  ap 
of  transverse  electric  currents.  On  either  of  theM 
assumptions,  the  result  was  expressed  by  saving  Unt 
lUie  currents  or  lines  (electric  or  magnetic)  tend  to 
place  themselves  parallel;  which  is  a  law  juorri  mae- 
rally  intelligible  than  the  law  of  transverse  poeitiCL 
Faraday  had  a<lopted  the  former  view;  had  takeii  ttt 
lines  of  magnetic  force  for  the  fiindainentat  lines  of  ^ 
system,  and  defined  the  direction  of  the 
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current  of  induction  by  the  relation  of  tlie  motion  to 
these  lines.  Ampere,  on  tlie  other  liand,  Huppoaed  the 
magnet  to  lie  made  up  of  tranavorse  ulectric  ciirreata 
(chap,  vi);  and  had  deduced  all  the  tacts  of  electi'o- 
djuamical  notion,  with  great  felicity,  from  this  con- 
ception. The  question  naturally  arose,  in  what  manner, 
on  this  view,  were  the  new  fncts  of  magneto -electrio 
induction  by  motion  to  be  explained,  or  even  expressed  1 

Various  philosophers  attempted  to  answer  this 
qaeation.  Perhaps  the  form  iu  which  the  answer  has 
obtained  most  general  acceptance  is  that  in  which  it 
was  put  by  f^enz,  who  discoursed  on  the  subject  to  the 
Academy  of  St.  Peteraburg  in  1833.^  His  general 
rule  is  to  this  effect:  when  a  wire  moves  in  the  neigh- 
bourhood of  an  electric  current  or  a  magnet,  a  omrent 
takes  place  in  it,  such  as,  existing  iadepeudently,  would 
have  produced  a  motion  opposite  to  the  actual  motion. 
Thus  two  pAfaWel  Jbruinrd  currents  move  towards  each 
other ;— hence  if  a.  current  move  towards  a  parallel 
wire,  it  produces  in  it  a  baekioard  current.  A  moveable 
wire  conducting  a  current  dowitwardB  will  move  round 
the  north  pole  of  a  magnet  in  the  direction  N.,  W., 
S.,  E.: — hence  if,  when  the  wire  have  in  it  no  current, 
we  move  it  iu  the  direction  N.,  W.,  S.,  E.,  we  produce 
in  the  wire  an  upioard  current.  And  thus,  as  H.  de  la 
Hive  remarks,^  in  cases  in  which  the  mutual  action  of 
two  currents  produces  a  limited  motion,  as  attraotiou 
or  repulsion,  or  a  deviation  right  or  left,  the  corre- 
aponding  magneto-electric  induction  pi'odiicea  an  in- 
Btantaneous  current  only;  but  when  the  electrodynamic 
action  produces  a  continued  motion,  the  corresponding 
motion  produces,  by  induction,  a  continued  current. 

Looking  at  this  mode  of  stating  the  law,  it  is  impos- 
^ble  not  to  regard  this  effect  ae  a  sort  of  reaction ;  and 
accordingly,  this  view  was  at  once  taken  of  it.  Pro- 
fessor Ritchie  said,  in  1833,  'The  law  ia  founded  on 
the  univei-aal  principle  that  action  and  reaction  are 
equal.'     Tliua,  if  voltaic  electricity  induce  magnetism 

1  '  Acai.Pttnip.  Hot,  »b.  iS3J.    fojis- '*™-™1' ""1- P-4B3. 

I  i  livM On  tSkelrieiU.'ral.  1.^.^1,1  {im\. 

,  1131  3 


I 


53a 


ADDITIONS. 


under  certain  arraugements,  m^netism  will,  by  ailIul^^ 
arrongemeuts,  react  on  a  conductor  and  itiduceroluic 
electricity.* 

There  are  still  other  ways  of  looking  at  tliis  luUler. 
I  have  elsewhere  pointed  out  tlmt  where  polar  pro- 
perliea  co-exist,  they  are  generally  found  to  be  ous- 
nected,^  and  have  illustrated  this  law  iu  the  aae  of 
electrical,  magnetical,  and  chemical  polarities.  If  «e 
regard  motion  backwards  and  fovwurda,  to  the  right 
and  the  lisfl,  and  the  like,  as  pot/ir  relations,  we  see  tiat 
magneto-electric  induction  gives  uh  a  new  nllll|ifef^^^^ 
tion  of  connected  polarities. 


Diaiaag-netic  Polaiity. 


iiSn 


Bnt  the  manifestation  of  co-exiatent  polarities 
are  brought  into  view  in  this  moat  curious  departmenl 
of  nature  is  not  yet  exhaosted  by  those  which  we  ban 
described.  I  have  already  spoken  (cbap.  iv.)  of  Dr. 
Faraday's  discovery  that  there  are  diamagnettc  as  ««li 
as  magnetic  bodies:  bodies  which  are  repelled  by  tbe 
pole  of  a  magnet,  as  well  aa  bodies  which  are  attntcted. 
Here  is  a  new  opposition  of  preperties.  What  is  lli» 
exact  definition  of  this  np]M>sition  in  connexion  wilk 
other  polaritiesi  To  this,  at  present,  different  philii- 
sophers  give  different  answers.  Some  say  that  diamag- 
netisni  is  completely  the  opposite  of  ordinary  mngiiet)«a, 
or,  as  Dr.  Faradny  has  termed  it  for  the  sake  of  disUnc- 
tjon,  otparamaffnetiBjn.  They  say  that  as  the  north  po1« 
of  a  magnet  gives  to  the  neighbouring  extremity  ofi 
piece  of  soa  iron  a  south  polo,  so  it  gives  to  the  n«i|li- 
bouring  extremity  of  a  piece  of  biamutb  a  north  poln 
and  that  the  bismuth  becomes  for  the  time  an  itirert«i 
magnet;  and  hence,  arranges  itself  across  the  Uaett 
mngnetised  forco,  instead  of  along  it.      Dr.  Farat^ 
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ijimself  at  first  adopted  thla  view;*  but  he  now  coo- 
ceivae  ttiat  the  bismuth  is  not  made  polar,  but  is  Biniply 
repelled  by  the  magnet;  and  that  the  transverfle  positioa 
■which  it  aaauuiea,  arisea  merely  from  its  elongated  form, 
each  end  trying  to  recede  as  far  aa  possible  from  the 
repulsive  polij  of  the  magnet 

Several  philosophers  of  great  eminence,  however,  who 
have  exHQiined  the  subject  with  great  care,  adhere  to 
Dr.  Faraday'a  firat  view  of  the  nature  of  Diamagnetisni 
— aa  W.Weber,' Plilcker,  and  Mr.Tjndall  a  mo  ug  our- 
selves. If  we  translate  this  view  into  the  language  of 
Ampere's  theory,  it  comes  to  this:— that  as  currents 
are  induced  in  iron  and  magnetics  jiarallcl  to  those 
existing  in  the  inducing  magnet  or  liattery  wire ;  bo  in 
bismuth,  heavy  glasa,  and  other  diaiiiagnetic  bodies, 
the  currents  induced  are  ia  the  oonti-ary  directions : — 
the&e  hypothetical  currents  being  in  HOn-CDn<luctiog 
diamagnetic,  as  in  magnetic  bodies,  not  in  the  moas, 
but  round  the  particles  of  the  matter. 

Moffneto-optlc  Effects  and  Magnta'ystaUic  Polarity. 

Not  even  yet  have  we  tenninated  the  enumeration  of 
the  co-existent  piilarities  which  in  this  province  of 
nature  have  been  brought  into  view.  Light  has  polar 
jiropertiea;  the  very  tvrm  polarizalion  ia  the  recoi'd  of 
the  discovery  of  these.  The  forces  which  determine 
the  crystalline  forms  of  bodies  are  of  a  polar  nature : 
ci-ystalline  forms,  when  complete,  may  ho  defined  as 
those  forma  which  have  a  certain  degree  of  gymmetiy 
in  reference  to  opposite  poles.  Now  has  this  optical 
and  crystalline  polarity  any  relation  to  the  electrical 
polarity  of  which  we  have  been  siieaking? 

However  much  we  might  be  di»i>OHed  beforehand  to 
conjecture  that  there  is  some  relation  between  these 
two  groups  of  polar  propertit*,  yet  in  this  afl  in  the 
other  parts  of  this  histoiy  of  di9CoveriL«  respecting 
poiaritiea,  no  conjecture  hits  the  natnit;  of  the  relatiou, 
such   as  cxiwrinient  showed  it  to   be.      In  November, 

>  FRridaJ'a  Setmivia,  An.  i+iB,  l^io. 
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1846,  Faraday  announced  tlie  discovery  of  wli»t  h  I 
then  caAled  '  the  tuition  of  magnets  on  light.'  But  tlu 
action  was  manifested,  not  on  liglit  directly,  but  a 
light  passing  through  certain  kinds  of  glass.**  Whin 
this  glaSB,  subjected  to  the  action  of  the  powerful 
mugnets  which  he  used,  transuiitted  a  ray  of  ligkt 
parallel  to  the  line  of  magnetic  force,  an  etTect  wu 
produced  upon  the  light.  But  of  what  nature  vu 
tliis  effect  1  When  light  wan  ordinary  tight,  no  dain* 
in  its  condition  was  discoverable.  But  if  the  li^t 
were  light  jiolarized  in  any  plane,  the  plane  of  poLuua- 
tiun  was  turned  round  through  a  certain  ai^l«  vhik 
the  ray  passed  through  the  glass: — a  greater  an^ia 
proportion  as  the  magnetic  force  was  greater,  and  tks 
thickuexs  of  the  ginss  greater. 

A  jiower  in  some  respects  of  this  kind,  nanelT,  ■ 
power  to  rotate  the  plane  of  polarization  of  ■  n; 
passing  through  tliem,  is  possesEcd  by  some  bodies  in 
their  natural  state;  for  instance,  quartz  crystals,  ud 
oil  of  turpentine  But  yet,  as  Dr.  Faraday  remarkh* 
there  is  a  gi^at  difference  in  the  two  caaes.  Whtn 
polarized  niys  pass  through  oil  of  turpentine,  in  what- 
ever direction  they  pass,  they  all  of  them  have  their 
plane  of  polarization  rotated  in  the  soiue  directiua; 
that  ia,  all  to  the  right  or  all  to  the  left:  but  wbni  > 
ray  passes  through  the  heavy  glaiia,  the  power  of  rot»- 
tiou  exists  only  in  a  plane  perpendicular  to  the  mi;- 
netic  line,  and  its  direction  as  right  or  left-handed  it 
reversed  by  reversing  the  magnetic  polarity. 

In  this  case,  we  have  opticaJ  propeities,  which  it 
not  depend  on  cryntallino  form,  affected  by  the  mag- 
netic force.  But  it  has  also  been  found  that  crystalline 
form,  which  is  so  fertile  a  source  of  optical  propertiM, 
affords  indications  of  magnetic  forces.  In  1847, 
M.  Pliicker,'"  of  the  University  of  Bonn,  using  a 
jiowerful  magnetic  apparatus,  similar  to  Faraday'i, 
found  that  crystals  in  general  are  magnetic,  in.  uu* 

'  Slllcitrid  borate  of  Irid.  Sm  AwonAu,!  iiSi.  Ibo.  AlwfiM 
gltn.  iwk  iftli.  water  Miil). 

"  J?McOKliM,\rt.»l^v  «  TV|%Drk  aoaM»&  u«H««„-*a..^ 


VOLTAIC  ELECTRICITY. 


535 


sense,  that  the  axes  of  crystalline  form  tend  to  asaiime 
a  certain  poHition  with  reference  to  the  magnetic  lines 
of  force.  The  posseaaioD  of  one  optic  iixis  or  of  two  is 
one  of  the  brood  diHtinctions  of  the  different  crystalline 
forms :  and  using  this  distinction,  M.  Pliicker  fouod 
that  a  crystal  having  a  single  optic  axis  tends  to  place 
itself  with  this  axis  transverse  to  the  magnetic  line  of 
force,  OS  if  its  optic  axis  were  repelled  by  each  magnetic 
pole ;  and  crystals  with  two  axes  aot  as  if  each  of  these 
axes  were  repelled  by  the  magnetic  poles.  This  force 
is  independent  of  the  magnetic  or  diamagaetic  cha- 
racter of  the  crystal ;  and  is  a  directive,  more  properly 
than  an  attractive  or  repnlsive  force. 

Soon  afterwards  (in  1848)  Faraday  also  discovered" 
an  effect  of  magnetism  depending  oq  crystalline  form, 
which  at  first  eight  appeared  to  be  different  from  the 
effects  observed  by  M.  Pliicker.  He  found  that  a  crystal 
of  bismuth,  of  which  the  form  is  nearly  a  cube,  but 
more  truly  a  rhomlwhedron  with  one  diagonal  a  little 
longer  thitn  the  others,  tends  to  place  itself  with  this 
diagonal  in  the  direction  of  the  lines  of  magnetic  force. 
At  first  he  conceived'^  the  properties  thus  detected  to 
be  different  from  those  observed  by  M.  Pliicker^  since 
in  this  case  the  force  of  a  crystalline  aitis  is  axial, 
whereas  in  those,  it  was  equatorial.  But  a  further  con- 
nderatioQ  of  the  subject,  led  hira^'  to  a  conviction 
that  these  forces  must  be  fnndiinien tally  identical :  for 
it  was  easy  to  conceive  a  combination  of  bismuth 
crystals  which  would  behave  in  the  magnetic  field  aa 
a  crystal  of  calcspar  does;  or  a  comhiniitiou  of  calc- 
■par  crystals  which  would  behave  as  a  crystal  of 
binnnth  does. 

And  thus  we  have  fresh  examples  to  show  that  the 
Connexion  of  co-existent  Polarities  is  a  thought  deeply 
seated  in  the  minds  of  the  profoundcst  and  most  saga- 
oions  philosophers,  and  perpetually  verified  and  illus- 
trated, by  unforeseen  discoveries  in  unguessed  forma, 
through  the  labours  of  the  most  skilful  experimenters. 


'>An.>503.4fi<»> 


Magntto-dtetri 

The  discovei^  that  a  voltaic  wire  mored  in  pr«fM» 
ot*  a  iDBgDet,  has  a  ciirreiit  generated  in  it,  was  em- 
it|o;ed  as  the  ground  of  the  conKtruction  of  tnadttiui 
to  ]iro<luce  electrical  eflecta.  In  Saxtoa's  iniichiiie  t*a 
coils  of  wire  including  a  core  of  soft  iron  rerolTed 
oppodte  to  the  ends  of  a  horaeshoe  magnet,  and  thm. 
as  the  two  coils  csine  opposite  to  the  N.  and  S>, 
and  to  the  S.  and  N.  )ioles  of  the  magnet,  cumnM 
were  generated  alternately  i  ' 
directioua.  But  by  arranging  Uie  connexiona  of  tie  i 
of  the  wires,  the  auocessive  currents  uiigbt  b«  nout 
to  pBBK  in  corresponding  directions.  ThBaltematioaaflr 
siicceasions  of  currents  in  such  machines  are  goTerned 
bv  a  contrivance  which  alternately  interrupts  ml 
perniita  the  action;  this  contrivance  ha*  been  calMk 
t'/ieotoTM.  Clarke  gave  a  new  form  to  a  Di&duM  (( 
the  same  nature  as  Saxton'a.  But  the  like  efliect  may 
be  produced  by  using  an  electro- magnet  insteail  of  • 
common  niiiguet.  ^N'hen  this  is  done,  &  cnnSt 
is  produced  which  by  inductiou  proilncea  a  cnnaA 
in  another  wire,  and  the  action  is  altcmftlcdy  ex- 
cited and  interrupted.  When  the  inducing  curretit 
is  interrupted,  a  momentary  current  tn  au  oppovU 
direction  is  produced  in  the  induced  wire;  and  when 
this  current  stojis,  it  produces  in  the  inilucing  win  ■ 
current  in  the  origmai  directiov,  which  may  be  wdjuatcd 
BO  aa  to  reinforce  the  resumed  action  of  the  ori^al 
current  This  was  pointed  out  by  M.  De  la  Ri«  ui 
1843-'*  Machines  have  been  constructed  on  mdi 
principles  by  him  and  others.  Of  such  tnachinatfe 
most  powei-l'ul  hitherto  known  ia  that  cooBtmoted  Vt 
M.  Bnhmkorff.  The  effects  of  this  inatrument  m 
exceedingly  energetic 

Applications  0/  Eleiirodyiamic  DiteovarieM. 

The  great  series  of  discoveries  of  which  I  haye  W 
to  speak  have  been  applied  in  many  important  vi^ 
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to  the  uaea  of  life.  The  Eleeiric  Telegraph  is  one  of 
the  most  retiiarkuble  of  these.  By  wires  extended  to 
the  moat  distant  p]iices,  the  electric  current  is  trans- 
mitted thither  in  an  imperceptible  time;  and  by  means 
«f  well-Jevised  systems  of  operation,  is  made  to  convey 
from  man  to  man  words,  which  are  now  most  emphati- 
cally 'winged  wordn.'  In  the  most  civilized  states  such 
«ir«a  DOW  form  a  net-work  across  the  land,  which  is 
&nii1iar  to  our  thoughts  as  the  highway  is  to  our  feet; 
and  wide  seas  have  sudi  pathways  of  human  thought 
l)uried  deep  in  their  waves  from  ahore  to  shore. 
Again,  by  using  the  chemical  effects  of  electrodynamic 
action,  of  which  we  shall  have  to  speak  in  the  next 
Book,  a  new  means  liait  been  obtained  of  copying,  with 
sn  exactness  unattainable  before,  any  formn  which  art 
or  nature  has  produced,  and  of  covering  them  with  a 
Rur&ice  of  metal.  The  Jilectrotyj>e  Proctsg  is  now 
one  of  the  great  powers  which  mannfacturing  art 
employs. 

But  these  discoveries  have  also  been  employed  in 
eKplaining  natural  ])hennuieDa,  the  causes  of  which 
had  befoi-e  been  altogether  inacrutabla  This  is  the 
case  with  repavd  to  the  diurnal  variation  of  the 
magnetic  needle;  a  fact  which  aa  to  its  existence  ia 
universal  in  all  places,  and  which  yet  is  so  cnriously 
diverse  in  iU  course  at  different  places.  Dr.  Faraday 
has  shown  that  some  of  the  most  remarkable  of  these 
diversities,  and  probably  all,  seem  to  be  accounted  for 
by  the  different  magnetic  effects  of  air  at  different 
temperatures :  although,  as  1  have  already  said, 
(Book  xii.)  the  discovery  of  a  decennial  period  in  the 
diurnal  changes  of  magnetic  declination  shows  that 
any  explanation  of  those  changes  which  refers  them 
to  causes  existing  in  the  atmosphere  must  be  very 
incomplete.!' 


BOOK    XIY. 
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CHAPTER  IX. 
The  Electro-chemical  Theory. 

AMONG  the  conaequencos  of  the  EHectro-cheniia) 
Theory,  must  be  ranged  the  variotis  itDproveniMiU 
which  have  be*n  made  in  the  voltnic  battery.  DmucI 
introduced  between  the  two  metals  a  partition  per- 
loeabte  by  chemical  action,  but  such  as  to  allow  of  tun 
different  acid  solutions  being  in  contact  with  the  two 
metala.  Mr.  Grove's  battery,  in  w-hich  the  jnftitioa 
IB  of  porouB  porcelain,  and  tlic  metala  are  plalinutn 
and  amalgamated  iduc,  is  one  of  the  most  powerfnl 
hitherto  known.  Another  has  been  constructed  ly 
Dr.  Callan,  in  which  the  negative  or  conducting  plate 
is  a  cylinder  of  cast  iron,  and  the  positive  element  ■ 
cylinder  of  Bmalgamsted  anc  placed  in  a  porotu  cell 
Tliis  also  has  great  energy. 

The  A'timher  of  Elemeniarj/  Svhetaneea. 

There  have  not  been,  I  believe,  any  well-establuhed 
additions  to  thelist  of  the  simple  substances  recogiUKd 
by  ohemLsts.  Indeed  the  tendency  at  present  appeals  to 
be  rather  to  deny  the  separate  elementary  ohaniOM 
of  some  already  announced  as  such  snbetances.  I^fe- 
pium  and  Niobium  were,  as  I  have  slid,  two  of  lk> 
new  metala.  Bnt  Nanmonn,  in  his  Elrmi^U  4ir 
Mineraioffit{^i\i  ed  i855),says,  in  a  footnote  (page  15): 
'  Pflopivm  is  happily  again  got  rid  of;  for  PelofHC  Acid 
and  Niobtc  Acid  possess  the  same  Radical.  " 
had  a  still  shorter  existence." 

In  the  eame  'vs.'j,  -v^iea^e^ 
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had  discovered  a  new  simple  metallic  Rubatance  in  the 
mineral  Saraarskite  friHn  Miosk,  the  discovery  was 
disproved  by  H.  Rose  {Pogg.  Ann.  B,  73,  s.  449). 

In  general  the  insulation  of  the  new  siinple  aub- 
st&DCea,  the  metaUic  bases  of  the  earths,  and  the  like, — 
their  separation  from  their  coiiibiuatious,  and  the 
exhibition  of  them  in  a  metallic  fonn — has  been  a 
difficult  ulicmical  procesn,  and  has  rarely  been  executed 
on  any  considerable  scale.  But  in  the  case  of  Alu- 
mintUTfi,  the  basis  of  the  earth  Alumina,  the  process 
of  it«  extraction  has  recently  been  so  much  facilitated, 
that  the  metal  can  be  produced  in  abundance.  Thta 
being  the  cade,  it  will  probably  noon  be  applied  to 
special  econoniical  uaeo,  for  which  it  is  fitted  by  poa- 
seaauig  special  propertied. 
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T)  T  the  kindness  of  W.  H.  Miller,  Eaq.,  ProfeaMt  ot 
X)  Mineralogy  in  the  University  of  CumlHidge,  I  im 
able  to  add  to  this  p&rt  the  following  ijoticea  of  Ih 
and  niQiuoir& 

I.  CryslaUography. 

EkmenU  der  KryalaHographit,  nehtt  einsr  taMlarif 
chen  Ueberaicht  der  Mineralien  JiocA  tier  KryttaUfiinmn, 
yon  Gwstav  Rose.  a.  Auflage.  Berlin,  1838,  'Tbft 
cry  stall  ogmphic  method  here  adopted  is,  for  tbe  moit 
part,  that  of  Weiss.  Tbe  method  of  tliia  woHe  hu 
been  followed  in 

A  Sj/Btem  of  CryaaUo^wphy,  with  Us  ApplieaiioM  to 
Jifineraiogy,  By  John  Joseph  Griffin.  Glasgow,  1841. 
Mr.  Griffin  has,  however,  modified  the  notAtioa  at 
Bose.  He  has  constructed  a  series  of  models  of  en*- 
talline  forms. 

Fraukenheim's  System  der  Kryslail*.  184a.  Thii 
■work  ado]ita  nearly  the  Mohsian  Bystetoa  of  eryst*!- 
lization.  It  contains  Tables  of  the  chemicsl  constitu- 
tion, inclinations  of  the  axes,  and  niagcitiide  of  tha 
axes  of  all  the  erystala  of  which  a  description  vtA  (e 
be  found,  including  those  formed  in  the  laboratory,  h 
well  aa  those  usually  called  mineralsj  713  in  alL 

Fr.  Aug.  Quenstedt,  MHhode  der  Kryatadlograplat, 
1840,  employs  a  fiinciful  method  of  representiug  a 
crystal  hy  projecting  upon  one  face  of  the  crystal  all 
the  other  faces.  This  invention  appears  to  be  mon 
curious  than  useful. 

Dr.  Karl  Naumann,  who  is  ppoken  of  in  Chap.  a. 
of  (his  Book,  as  the  author  of  the  beat  of  the  Mixed 
Systems  of   Classification,   publislied  also  Grwndnm 


ther  works  lie  modifies  the  notation  of  Moha  iu  n 
ery  ailvantageous  manner. 

Professor  Diina,  in  his  System  of  Mitieralof/j/,  New 
lavea  (U.S.),  1837,  follows  Naumaon  for  the  most 
lart,  both  in  crystallography  and  in  mineral  claasificii- 
iuQ.  In  the  latter  part  of  the  subject,  he  has  made 
he  attenipt,  which  in  all  cases  is  a  source  of  confusion 
nd  of  failure,  to  introduce  a  whole  syatem  of  new 
laioes  of  the  uieniborB  of  his  classification. 

The  geomcti-y  of  cryatallography  lias  been  inveBti- 
;ated  in  a  very  ori^niU  manner  hy  M,  Bravaia,  in 
)apers  published  in  the  Jonmal  of  the  Ecole  Polytech- 
lique,  entitled  Memoiret  aar  Us  Sj/steiiiai  formes  pat' 
k»  PoitiU.    1850,    A'tutlea  Cn/alallograp/ii'iues.    1851. 

Hermann  Kopp  {Einleitung  in  die  KryulaUograpinf, 
3rannschwoig,  1849)  haa  givHU  the  description  ami 
neosiireuient  of  the  angles  of  a  large  number  of  labo- 
iitory  crystals. 

Bammelsbei^  {Ertj»U»Uographiache  CJiemie,  Berlin, 
[855)  has  collected  an  accouut  of  the  systems,  aimpltt 
brma  and  angles  of  all  the  laboratory  crystals  uf  which 
le  could  obtain  descriptions. 

BchftbuH  of  Vienna  {Balimmung  der  Krygla/lgen- 
aiten  in  Vlmmisclieit  LaloratoTien  erzeai/len  Pfodiicte, 
Tf'vea,  1855 ;  a  suoceaaful  Prize  Elssay)  has  given  a 
leaoriptioo,  accompanied  by  measuremcnta,  of  90  ci  jb- 
slline  species  from  hia  own  observations. 

To  these  attempts  made  in  other  conutricH  to 
limplify  aad  imprnve  crystallography,  I  njay  add  a 
remarlcable  Essay  very  recently  made  here  by  Mr. 
Brooke,  and  suggested  to  him  by  his  exact  and  familiar 
knowledge  of  Mineralogy.  It  is  to  this  effect.  All  the 
•rystaliine  forms  of  any  given  mineral  species  are 
ierived  from  the  piiniilive  form  of  that  species;  and 
ihe  decree  of  symmetry,  and  the  paramttert,  of  this 
form  determine  the  angles  of  all  derivative  forms.  But 
bow  b  thia  primitive  form  selected  and  its  parametura 
determinedt  The  selection  of  the  kind  of  the  piimi- 
AvQ  form  depends  upon  the  degree  of  stfmmary  which 
appears  in  all  the  derivative  forms;  according  to  which 
lh«^  belong  to  the  rhomhohedrai,  priniKdu,  >^uiwr« 
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jtyranudal.oTKiTatiot'iieTgystem:  and  this  determinfttinB 
is  commonly  clear.  But  the  parameters,  or  the  angle* 
of  the  primitive  form,  are  commonly  determined  by  tba 
cleavage  of  the  mineral  Is  this  a  sufficient  and  ne«>»- 
sary  ground  of  such  determioatiou  t  May  not  a  am- 
plification be  effected,  in  some  cases,  by  taking  Bome 
other  parameters!  by  t»king  a  primitive  form  whick 
belongs  to  the  propyl'  system,  but  which  has  botm 
other  angles  than  those  given  by  cleaTBgel  Mr, 
Brooke  has  tried  whether,  for  instance,  crystals  of  tbi 
rhombohedral  system  may  nut  be  referred  with  sdvan- 
tage  to  primitive  rhombohedrons  which  have,  in  all  (In 
Bpecias,  nearly  the  same  angles.  The  advaatage  to  b« 
obtained  by  auoh  a  change  would  be  the  simpliiicatiaD 
of  the  laws  of  derivation  in  the  derivative  foiiBi: 
and  tlierefore  we  have  to  ask,  whether  the  indjeea  of 
derivation  are  smaller  numbers  in  this  way  or  with 
the  hitherto  accepted  fundamental  angles.  It  appean 
to  me,  from  the  eiamplea  given,  that  the  advauUge  of 
simplicity  in  the  indices  is  on  the  side  of  the  old 
system ;  but  whether  this  be  so  or  not,  it  was  a  great 
benefit  to  crystallography  to  have  the  two  methods 
compared.  Mr.  Brooke's  Essay  is  a  Memoir  presetted 
to  the  Royal  ijociety  in  1856,  ^" 


3.  Opiifal  Prop«rt\e8  0/ Minerals. 

The  Handbiich  der  OpfUe,  von  F.  W.  O.  Radicfee, 
Berlin,  1839,  contains  a  chapter  on  the  optical  pro- 
]>ertie3  of  crystals.  The  authors  chief  authority  is  Sir 
D.  Brewster,  tia  might  be  expected. 

M.  Uaidinger  has  devoted  much  attention  to  experi- 
ments on  the  pUockroiem  of  minerals.  He  lias  in- 
vented an  instrument  which  makes  the  dichroism  01 
minerals  more  evident  by  eKhibiting  the  two  colours 
aide  by  side. 

The  pleochroism  of  minerals,  and  especially  the  re- 
markable clouds  that  in  the  caaes  of  lolite,  Audaltuite, 
Augite,  Epidote,  and  Axinite,  border  the  positions  of 
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VL  de  Senarmnnt  by  mentis  of  artificial  ctTBtalliza- 
s.  (Attn,  de  Chin.  3  Ser,  xli.  p.  319.) 
[.  Pivtt«<ir  has  found  that  Racemic  Acid  cooaists  of 
different  acids,  having  the  same  density  and  coni' 
tiou.  The  aalts  of  these  acids,  with  bases  of  Am- 
lia  and  of  PotMsaa,  are  hemihedral,  the  hemihedral 
I  which  occur  in  the  one  being  wiinting  in  the 
rr.  The  acids  of  these  different  crystaJs  haTe  cir- 
r  polarization  of  oppnnite  kinds.  (/Inn.  de  Chin. 
r.  xsviii.  56,  99.)  This  discovery  was  marked  by 
nssignatiou  of  the  Rumford  Medul  to  M.  Faateur 
856. 

[.  Marbach  has  discovered  that  crystals  of  chlorate 
jda,  which  ajipareutly  belongs  to  the  cubic  or  tea- 
t  system,  exhibit  hemihedral  faces  of  a  peculiar 
HCt«r ;  and  that  the  crystals  have  circular  polarin- 
of  apposite  kinds  in  accordance  with  the  differences 
ie  plagihedral  faces.     {Puggetidurfs  Amuden,  xci. 

;.  8eyd()lt  of  Vienna  has  foutid  a  means  of  deteot- 
plagihedra!  faces  in  quartz  crystals  which  do  not 
al  them  externally.  {A/cud.  d.  Wiaaeiucliofi  au 
S  B.  »>-.  ..  59.) 

K  3.  Classification  0/  Minerals. 

1  the  Philoaophy  of  the  Indaclive  Sciences,  B.  viii. 
L,  I  have  treated  of  the  Application  of  the  Natural- 
>ry  Method  of  Classification  to  Mineralogy,  and 
I  spoken  of  the  Systems  of  this  kind  which  have 

propiwed  I  have  there  especially  discussed  the 
)m  proposed  in  the  treatise  of  M.  Necker,  L/i  RiffM 
eretl  ramene  aiix  MHImks  d'Hitiloire  NalvrdU 
is,  1835).  More  recently  have  been  published  M, 
lant's  Coura  ileinerUaire  d' IliitoirB  NaiureUe  Mind- 
rie  (Paris,  1841);  and  M.  A.  Dufreanoy'a  Traite 
finh-alogie  (Paris,  1845)-  Both  these  works  are 
ir  governed  by  mere  chemical  views  that  they 
1  into  the  inconveniences  and  defects  which  are 
led  in  the  best  systems  of  (Jafman  mineralogists. 

0  laat  miaeial  ayvtem  of  Berzeliiu  ba&  \)««^  &«- 
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BoTAsy. 

FOR  the  purpose  of  giving  to  my  roaiJor  some  indi- 
cation of  tlie  present  tendency  of  Botanical  Scieac«, 
I  conceive  tbat  1  cannot  do  better  tban  direct  his 
attention  to  the  rettesiona,  procedure,  and  reasonings 
wliich  have  been  suggested  by  the  most  recent  eirteii- 
sions  of  man's  knowledge  of  t)ie  vegetable  world.  And 
aa  a  apecimon  of  these,  I  may  take  the  labours  of  Dr. 
Joseph  Hooker,  on  the  Flora  of  the  Antarctic  Regions,* 
and  especially  of  New  Zealand.  Dr.  Hooker  was  tlie 
Botanist  to  an  expedition,  commanded  by  Sir  James 
Rose,  aent  out  mainly  for  the  purpose  of  investigating 
the  phenomena  of  Terreatrial  Magnetism  near  the 
South  Pole;  but  directed  also  to  the  improvement  of 
Natural  History.  The  oxtension  of  botanical  descrip- 
ttona  and  classifications  to  a  large  mass  of  new  objeotB 
necessarily  suggests  wider  views  of  the  value  of  classes 
(genera,  species,  &a.),  and  the  conclusions  to  be  drawn 
from  their  constancy  or  inconstancy.  A  few  of  Dr. 
Hooker's  remarks  may  show  the  nature  of  the  views 
taken  under  such  circumstances. 

I  may  notice,  in  the  first  place,  (since  this  work  is 
intended  for  general  mther  than  for  scientilic  readers,) 
Dr.  Hooker's  testimony  to  the  value  of  a  lechnioal 
descrijrtive  language  for  a  classiticatory  science — a 
Terminology,  as  it  is  called.  He  says,  'It  is  impossible 
to  write  Botanical  descriptions  which  a  person  ignorant 
of  Botany  can  understand,  although  it  is  supposed  by 
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luaDy  unEtcqu&iiited  witli  science,  that  this  con  mi 
should  be  done.*  And  hence,  he  says,  the  sUte  ol 
botauical  Bcience  demands  Latin  descriptions  of  tk 
plants  i  and  this  is  a  lesson  which  he  especialSy  ar^ 
upon  the  Coloniats  who  study  the  iadigeooas  plaiiU. 

Dr.  Hooker's  remarks  on  the  limits  of  speci«a,  that 
disjiersion  and  variation,  are  striking  and  instnirtiTO 
He  is  of  opinion  that  speciea  Tary  more,  and  are  men 
widely  diffused,  than  is  usfially  supposwL  Hence  be 
conceives  that  the  number  of  species  has  been  needlessl; 
and  erroneously  multiplied,  by  distiugnishiug  Uie 
specimens  which  occur  in  ditferent  ]>lacea,  and  vaiy  in 
unessential  features.  He  says  that  though,  according 
to  the  lowest  estimate  of  cotnpilera,  100,000  in  the 
commonly  received  number  of  known  plants,  he  thinks 
thathalf  that  number  is  much  nearer  the  truth.  'Thi*,' 
he  says,  '  may  be  well  conceived,  when  it  is  notorious 
that  nineteen  species  have  been  made  of  the  Common 
Potato,  and  many  more  of  Solanunt  nigrum  alone. 
PterU  aqwlina  has  given  rise  to  numerous  book  Hpeoer, 
Vemonia  dnerea  of  India  to  fifteen  at  least  .  .  . 
Many  more  plants  are  common  to  most  conntria 
tlian  is  supposed;  I  have  found  60  New  ZeahuMl 
flowering  plants  and  9  Ferns  to  he  European  onesi 
besides  inhabiting  numerous  iutermediat«  countriea 
...  So  long  ago  as  1614,  Mr.  Brown  drew  attentioa 
to  the  importance  of  such  considerations,  and  gave  s 
list  of  150  European  plants  common  to  Anstralta.' 

As  an  example  of  the  extent  to  which  unessential 
difierences  may  go,  be  says  (p.  svii),  '  The  few  remain- 
ing native  Cedars  of  Lebanon  may  be  abnormal  stata 
of  the  tree  which  was  once  spread  over  the  whole  of 
the  Lebanon;  for  there  are  now  gi-owing  in  England 
varieties  of  it  which  have  no  existence  in  a  wild  stata 
Some  of  them  closely  resemble  the  Cedars  of  AtlM 
and  of  the  Himalayas  {^Deodar);  and  the  absence  of 
any  valid  botanical  ditferenc«9  tends  to  prove  that  all, 
though  generally  supposed  to  be  different  spcdea,  an 

Still  the  great  majority  of  the  species  of  plants  in 
those    Bo\i\\iiiY\i    to'gunia    01%   ■^wwilvs.t,     '"Wasa^  % 
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upwards  of  100  genera,  siibgctiRra,  or  other  well-marked 
groups  of  plants,  entirely  or  nearly  conSneil  to  New 
Ze&lanil,  AuBtralia,  snd  extra- tropical  South  America. 
They  are  represented  by  one  or  more  species  iu  two  or 
more  of  those  couutrien,  and  thus  effect  a  botanical 
relationship  or  affinity  betweeu  theui  all  which  every 
botanist  appreciates.' 

In  reference  to  the  History  of  Botany,  I  have  re- 
ceived corrections  and  remarks  frotn  Dr.  Hooker,  with 
which  I  am  allowed  to  enricl^my  pages. 

'  P,  230,  Note  ^.  Nelianinum  specioatiiii,  the  Lotus 
of  India.  The  Nelumbiurn  docs  not  float,  but  raises 
both  leaf  and  flower  several  feet  above  the  water;  the 
Nymp/uea  Lolu»  has  floating  leaves.  Both  enter  largely 
into  the  symbolism  of  the  Jlindoos,  and  are  oftea  con- 
founded. 

'P.  335.  Note'.  VoT  Araehnia  read  Arachi».  The 
Aradiidnti  of  Theophrastus  canuot,  however,  be  thn 
Afae/iia  or  grouiid-uut. 

'  Pp.  257  and  264.  For  Ilarleeamp  read  llartecamp, 
'  P.  349.  For  Karleii  rend  Kalnt. 
'P.  349.  For  Aubfcli  read  Otbeek. 
'  P.  253.  John  Rat/.  Rjiy  was  further  the  anthor  of 
the  present  Natural  System  in  its  most  comprehensive 
sense.  Ue  first  divided  plants  into  Flowei'tess  and 
Flowering;  anil  the  latter  into  Monocotyledonous  and 
Dicotyledonous  : — '  Floriferas  dividemns  in  DlcOTVLE- 
DOKES,  qnunim  scmina  sata  binis  tbliis,  seniinolibua 
dictis,  qiiie  cotyledon omm  usum  prteataut,  e  tens 
exeunt,  vel  in  binos  saltern  lobos  dividuutnr,  quamvia 
MM  supra  terrara  folionim  specie  non  eflerant ;  et  Momd- 
CX>TTi.EDON£S,  qiiie  nec  folia  bina  seniinalia  efferunt  nee 
lobofl  binos  conditnt.  Hieo  diviaio  ad  arbnren  etiam 
extendi  potest;  siquidem  Palme  et  oongeneres  hoc 
reepectii  eodem  modo  a  reliquis  arboribus  dill'enuit  quo 
Mouocotyledones  a  reliquis  herbis.' 

■P.  382.  £7idoffenou^  and  £ax>gemm»  Growth.  The 
exact  course  of  the  wood  fibres  which  traverse  the 
stoma  of  both  Monocotyledonous  and  Dicotyleilonoua 
plantshasbeenonlylatelydiscovered.  In  theMnnoonty- 
ledona,  tboae  £brm  are  collected  in  ImndleSj'nTcti^tiS^OTr 
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a  very  peculiar  conrae : — from  the  liase  of  each  leaf  Ihrr 
may  be  followed  downwanla  and  inwarda,  towBnJs  tliB 
axis  of  the  trunk,  when  they  form  ao  arch  with  the  cou- 
Texity  to  the  centre ;  and  curvuig  outwards  again,  n>A 
the  circumference,  where  they  are  lost  amongst  tht 
previously  deposited  fibrea.  The  intnision  of  ihebaan 
of  these  bundles  amougst  those  already  depositoi, 
causes  the  circumference  of  tiie  stem  to  be  haHer 
than  the  centre ;  and  na  all  these  arcs  have  a  short 
course  (their  chords  being  nearly  equal),  the  Cnink 
does  not  inorease  in  girth,  and  grows  at  the  apea  unk. 
The  wood-bundlea  ai'e  here  definite.  In  the  Diwlf- 
ledonous  trunks,  the  layers  of  wood  run  in  parwll*! 
courses  fivm  the  base  to  the  top  of  the  trunk,  Mcb 
externally  to  thai  last  termed,  and  the  trunk  inereun 
both  ill  height  and  girth  ;  the.  wood-bundles  »re  bnt 
indefinite. 

'  With  repard  to  the  Cotyledons,  though  it  is 
often  difficult  to  distinguish  a  MonocotyledonoDi 
Embiyo  from  a  Dicotyledonous,  they  may  alwayn  1* 
discriminated  when  germinating.  The  Catjledoin. 
when  two  or  more,  and  primordial  leaves  (when  no 
Cotyledons  are  visible)  of  a  Monocotyledon,  are  alter- 
nate; those  of  a  Dicotyledon  are  opposite. 

'  A.  further  physiological  distinction  between  Honiv 
cotyledons  and  Dicotyledons  is  observed  in  germinalidD, 
when  the  Dicotyledonous  radicle  elongates  aud  form* 
the  root  of  the  young  plant;  the  Monocotyledonoai 
radicle  does  not  elongate,  but  pushes  out  rootleta  &nm 
itself  at  once.  Hence  the  not  very  good  terms,  exorhioiil 
for  Dicotyledonous,  and  aidor/iizal  for  Monocotyic- 
donous. 

'  The  highest  physiological  generalization  in  the  T(^e- 
tfthle  kingdom  is  between  Plufmognnut  and  Cri/ptogama. 
In  the  foi-mer,  fertilization  is  effected  by  a  pollen-tnbe 
touching  the  nucleus  of  an  ovule;  in  Cryptogams,  \h» 
same  process  is  effected  by  the  contact  of  a  sperm-cell, 
usually  cilisted  (anUierinoid),  upon  another  kind  of 
coll  called  a  germ-cell,  I:i  PhKuogania,  ftirther,  tlie 
organs  of  fructification  are  nil  modified  leaves ;  those  of 
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I  have  exemplified  the  considerations  which  govern 
igictil  ciassificatioD  by  (quoting  the  refioxiona 
which  Ciivier  gives  us,  OB  having  led  him  to  his  own 
claHstti cation  of  Fishes.  Since  the  varieties  of  Qnar- 
dru{ie<l»,  01'  Mammalg  (omitting  whales,  &c.),  are  more 
lainiliar  to  the  common  reader  than  those  of  Fishes,  I 
may  notice  some  of  the  steps  in  their  cliLssification ;  the 

thereupon. 

LinuKUB  first  divides  Mammals  into  two  groups,  na 
they  have  C!aw8,or  JiooU(uiitfuicTilaia,un<pUata.)  But 
he  then  again  divides  them  into  six  orders  (omitting 
wlialcs,  iic),  according  to  their  number  of  ineUor, 
laniary,  and  Tiwlar  teeth;  niinieiy: — 

PrivuUes.   (Man,  Monkey,  ic) 

Bruta,   (Rhinoceros,  Elephant,  he.) 

Ferte.   (Dog,  Cat.  Bear,  Mole,  *c.) 

Glirea.  (Mouse,  Squirrel,  Hare,  ka.) 

Peeora.  (Camel,  Giraffe,  Stag,  Goitt,  Sheep,  Ox,  &c.) 

Bdlua.  (i-Iorse,  Hippnpotamua,  Tapir,  Sow,  itc.) 

In  the  phice  of  these,  Cuvier,  as  I  hJave  staled  in  the 
Philoaopky  {On  f/ie  Lanijuage  of  Sciences,  Aphorism 
xvi,),  introduced  the  following  orders:  Bimanet,Qua- 
liriim'tnes,  Camaaners,  Hongeurs,  Bdenllt,  PaeltyilenM, 
Rianinan*.  Of  these,  the  CarmusUrg  correspond  to 
the  Ferx  of  LinnKUti ;  the  Rongeurs  to  )iis  Glirea;  the 
£dcntet  are  a  new  order,  taking  the  Sloths,  Ant-eaters, 
&0.,  from  the  Bruta  of  Linn:eus,  the  Megatherium  from 
extinct  animals,  and  the  Ornithorhynchus,  &c.,  from 
the  new  animals  of  Auntralia;  the  Euminana  sgree 
with  the  Pecora;  the  Pachyderms  include  some  of  the 
Bruta  and  the  Bdlute,  comprehending  also  extinat 
aiavaB.\a,es  Anoploihir'ium  and  Palmotheriuin. 

But  the  two  orders  of  Hoofed  Animals,  the  Pachy- 
derms and  the  Ruminants,  form  a  group  which  is  held 
by  Mr.  Owen  to  admit  of  a  better  Bei>aration,  on  the 
ground  of  a  chaincter  already  pointed  out  by  Cuvier ; 
namely,  as  to  whether  they  are  Iwo-loed  or  ikreeAutd. 
t  thia  view,  the  Hone  u  cmmfiohwi  ^ v\l&. 
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the  Tapir,  the  Falnotheriuio,  and  the  Rli 
only  by  his  teeth,  but  by  his  feet,  for  he  lias  really  tbnt 
digits.  And  Ciivier  notices  that  in  tlie  twi>-to«l  or 
eveii-tocd  Pachyderms,  the  atitnigiiliis  bone  has  its  ha 
divided  into  two  equal  parta  by  a  ridge;  while  in  tin 
uneven-toud  {inchydeniis  it  hns  a  narrow  cuboid  ho^ 
Mr.  Owen  has  adopted  this  division  of  Pachyderms  and 
Buminants,  giviug  the  names  artiodacttfLa  unit  peritto' 
dof^yla  to  the  two  groups;  the  former  including  ibe 
Ox,  Hog,  Peccary,  Hippopotamus,  4c. ;  thu  IslWT 
comprehending  the  Horse,  Tapir,  Rliiuoceros,  Hym, 
Im.  And  tlius  the  JlunmutiUi  take  their  place  w  * 
snbordinate  group  of  the  great  natural  even-toed  Diri- 
sion  of  the  Hoofed  Section  of  Mammals;  and  the  Rom 
ix  widely  sepai-ated  from  them,  inasmuch  a»  be  belosgi 
to  the  odd-toed  division.^ 

As  we  Imve  seen,  these  modem  classifications  are  w 
oonstructeil  as  to  include  extinct  aa  well  as  liirin; 
species  of  animak;  and  indeed  the  species  which  ban 
been  discovered  in  a  foasil  state  have  tended  to  fill  up 
the  gajKf  in  the  series  of  Koological  forme  whii^  hul 
marred  the  systems  of  modem  Kiologiats.  This  has  been 
the  case  with  the  division  of  which  we  are  upealcing. 

Mr.  Owen  had  established  two  genera  of  extinct 
Herbivoi'ous  Animals,  on  the  strength  of  fossil  remMM 
brought  from  South  America: — To-jxulon,  and  jVeaoiiw. 
In  a  recent  communication  to  the  Rojal  Society'  Ik 
has  considered  the  bearing  of  Ihese  genera  upon  the 
divisions  of  odd-toed  and  even-toed  animals.  He  hsd 
already  been  led  to  the  opinion  that  the  thi-ee  se«tiont, 
Frohuseidea,  FerissodaHyia,  tind  ^rti(>i^(-Y^/a,  formed  a 
natural  division  of  UngulatA;  and  he  is  now  led  to 
think  that  this  division  implies  another  gronp,  'a  dis- 
tinct division  of  the  Un^tUtta,  of  etjual  value,  if  not 
with  the  PeriNOtlactyla  and  Arliodaclyla,  at  least  with 
the  Proboscidea.'  This  group  he  proposes  to  call 
Toxodonta, 

'  Owen,  Odoiafsntphn.  »  Phtt.  TVnnjt.,  iBiJ. 
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Vegetable  Morphology. 
P.  481, — Morphology  in  Lijintei' 


^■t  have  stated  that  Linnreiis 

X  subject.      Dr.  Hooker  c 

more  comjilete  and  correct  than   is  generally  allowed, 

though   unhappily  clothed    in  metaphorical  language 

and  mixed  with  speculative  matter.     By  hia  permission 

I  insert  soiae  remarks  which  I  have  recuived  from 

him. 

The  fundamental  passage  on  this  suhject  la  in  the 
SyHema  Naturce;  in  the  Introduction  to  which  work 
the  following  passage  occurs: — 

'  Proiepsig  (Anticipation)  eihihits  tlie  mjatery  of  the 
metamorphosis  of  plants,  by  wliich  the  herb,  which  ia 
the  larva  or  imperfect  condition,  is  changed  into  the 
declared  fructiticstion :  for  the  plant  is  capable  of  pro- 
ducing either  a  leafy  herb  or  a  fructification  .... 

'  When  a  tree  produces  a  Sower,  nature  anticipates 
the  produce  of  live  years  where  these  come  out  vX\  at 
once;  forming  of  the  bud  leaves  of  the  next  year 
bractn;  of  those  of  the  following  year,  the  calyx;  of 
the  following,  the  corolla;  of  the  next,  the  alamina; 
of  the  subsequent,  the  pialUi,  filled  with  the  granulated 
marrow  of  the  seed,  the  termiuus  of  the  life  of  a 
vegetable.' 

Dr.  Hooker  says,  '  I  derive  my  idea  of  hia  having  a 
1)etter  knowledge  of  the  subject  than  most  BotAUJsta 
admit,  not  only  from  the  ProlftpfU,  but  from  his  paper 
called  Re/urmatio  Botanieeii  (j4»/nwi,  Acntl.  vol.  vi.);  a 
remarkable  work,  in  respect  of  his  candour  in  s)ieaking 
of  his  predecessors'  labours,  and  the  sagacity  he  shows 
in  indiatting  reaaaehea  to  be  ^iodtxiaitiaioi 
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axil  of  tl,e  let 
tioiis  and  exp, 
leaf  he  decJurt 
«l«ng:  he  ,,ro 
<»'yx,  corolla 
nieteaorphos^ 
...  '*"''i^,  both  fr, 

'        .■■■,'"51  ^^^t^l  by  those 

'  •''he  (to  Die)  , 
^aa  that  relatin, 

wto  two  leaves. 
«»y8  it  wa8  a  PU2 
consulted  Fri^ 
that  such  n.o„st 
hood,   and    p^c, 
Minute  and  ma,s] 
«hows  no  litt,^  sk 
^i  the  whole  matt 
of  all    their  flon» 
stamens,  of  which 
}bu8  me  non  in  « 
'<«»  folia  pistillace, 
Ireqnentissima.*     T 
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guage  more  obscure,  much  nngLt  lie  iuferrcd  from  tlie 
wide  range  and  a(:curacy  of  ttie  observations  he  detaila 
BO  Bcient^caUy.  It  is  iucouoeivable  that  a  man  should 
have  traced  the  aecjuence  at'  the  phenomena  under  bo 
many  varied  aspects,  aud  shown  such  skill,  knowledge, 
ingenuity,  and  accuracy  in  his  methods  of  observing 
and  describing,  and  yet  misaed  tbe  rationale  of  the 
whole.  Eliminate  the  speculative  pai-ts,  and  there  is 
not  a  single  error  of  observation  or  judgment;  whilst 
hiti  history  of  the  develojiemeut  of  buds,  leaves,  and 
floral  organs,  and  of  various  other  obscure  mutters  of 
equal  interest  and  iniporbince,  are  of  a  very  high  order 
of  merit,  are,  in  fiict,  for  the  time,  profound. 

'There  is  nothing  in  all  this  that  detracts  irom  the 
merit  of  Goethe's  re-discovery.  With  Goethe  it  was, 
I  think,  a  deductive  process, — with  Lintiieus  an  induc- 
tive. Analyst:  Linusus's  observations  aud  method, 
and  I  think  it  will  prove  a  good  example  of  inductive 


'P.  441.  Perhaps  Professor  Augiiste  St,  Hilaire  of 
Moiitpellier  should  share  with  De  CandoUe  the  honour 
of  contributing  largely  to  establish  the  metamorphia 
doctrine; — their  laboui-s  were  cotemporaneous. 

'  P.  44a.  Linweua  pointed  out  that  the  pajipus  was 
calyx :  '  Et  pappmn  gigni  ex  quai-ti  anni  foliis,  in  jam 
nominatia  Curduis.' — ProL  Plant.  338.'    (J.  D.  H.) 

^HVIHE   subject  of  Animal  Morphology  has  recently 
^^U.    been  expanded  into  a  form  strikingly  comprehen- 
^^Eve  and  systematic  by  Mr.  Owen;  and  supplied  by 
^Bkd)   with  a  copious  and   careful ly-ohosen   language; 
BWhich  in  his  hands  facilitates  vastly  the  oomjiarison 
and  appreciation  of  the  previous  labours  of  physiolo- 
gists, and  opens  the  way  to  new  truths  and  philoeo- 
phicat  genei-alizationa.     Thgugh  the  ats^  %lu£,k  Wfft 
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bi-cii  iiini1«  liod  Leen  prepared  by  previous  aitatomi-iU, 
I  will  liorrow  my  view  of  them  mainly  from  tiiu; 
with  the  less  scruple,  inasmuch  as  he  baa  brought  UM 
full  view  the  labours  of  his  predecesRors. 

I  hftve  stilted  in  the  History  that  the  skeletons  of 
all  vertebrate  animals  are  conceived  to  be  reducible 
to  a  Biugk  Type,  aud  the  skull  reducible  to  a  scric* 
of  vertebrte.  But  inaamuch  as  thia  redoction  iadndes 
not  only  a  detailed  convspoudeiice  of  the  bonea  of  man 
with  those  of  beasts,  but  also  with  those  of  birds,  fishes, 
and  reptiles,  it  may  efl^ly  be  conceived  that  the  simi- 
lari  ties  and  CDOnexioiiB  are  of  &  various  and  often  remoU 
kind.  The  views  of  Bueh  relations,  held  by  prenniB 
Comparative  Anatomists,  have  led  to  the  deaignalian 
of  the  bones  of  animals  which  hare  been  employed  b 
onatomical  descriptions;  and  these  designations  hsviog 
been  framed  and  adopted  by  anatomists  lookiui;  at  the 
subject  from  different  sides,  and  having  different  views 
of  analogies  and  relations,  have  been  very  various  and 
unstable;  beaides  being  otlen  of  cumbrous  length  tiui 
inconvenient  form. 

The  corresponding  parts  in  dilTerent  animals  are 
called  homtilogiiee,  a  term  lirst  applied  to  anatomy  by 
the  philosophers  of  Gfrmauyi  and  this  term  Mr.  Owen 
adopts,  to  the  exclusion  of  terms  more  loosely  denoting 
identity  or  similarity.  And  the  Homology  of  ih» 
various  bonea  of  vertebrates  having  been  in  a  greH 
degree  determined  by  the  labours  of  previous  anatoniist^ 
Mr.  Owen  has  proposed  names  for  each  of  llie  bones: 
the  condition  of  such  unmes  being,  that  the  homologacs 
in  all  vertebrates  shall  be  called  by  the  same  name, 
and  that  these  names  shall  be  founded  upon  the  temss 
and  phrases  in  whicli  the  great  anatomists  of  the  i6ib, 
17th,  and  i8tli  centuries  expressed  the  results  of  their 
researches  respecting  the  human  skeleton.  These  namee, 
thus  selected,  so  far  as  concerned  the  bones  of  the  Head 
of  Fishes,  one  of  the  most  difficult  cases  of  this  SpeotJ 
Homology,  ho  published  in  a  Table,^  in  which  they 
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were  compared,  in  pnntUel  colunnis,  with  the  names  or 
[ilimsea  used  for  tlie  like  purpose  by  Cuvier,  Agassia, 
Grcoflroy,  Hallman,  Steinmering,  Meckel,  and  Wagner, 
Ab  an  example  of  tlie  conKidei-atiuns  by  which  thin 
selection  of  names  was  deteriuineJ,  I  may  quote  what 
he  saya  with  regard  to  one  of  those  hones  of  the 
Bkull. 

'  With  regard  to  the  'squamosal '  (_:»q'iamoaum.  lat. 
para  squamosa  oasis  t«mpan)t. — Scemmeriiig),  it  migbt 
lieaskcd  why  the  term 'temporal'  might  not  be  retained 
tor  this  bone.  I  reply,  because  that  term  has  long  been, 
and  is  now  univerBally,  nnderatood  in  human  uiatomy 
to  signify  a  peculiarly  anthropotomical  coalesced  con- 
geries of  bones,  which  includes  the  'squamoHal'  together 
with  the  'petrosal,'  the  'tympauic,'  the  'mastoid,'  wd 
the  'stylohyal.'  It  aeema  preferable,  therefore,  to 
restrict  the  iiignificatiou  of  the  term  '  temporal '  to  the 
whole  (in  Man)  of  which  the  'squamosar  ia  a  part. 
To  this  part  Cuvier  has  unfortunately  applied  the  term 
'temporal'  in  one  class,  and  'jugal'  in  another;  and 
he  has  al«o  transfeiTed  the  term  '  tempoml '  to  a  thii-d 
equally  distinct  bone  in  fiabes;  while  to  increase  the 
confiiaion  M.  Agaasiz  has  shitVed  the  name  to  a  fourth 
different  bone  in  the  skidl  of  fishes.  Whatever,  there- 
fore, may  be  the  value  assigned  to  the  arguments  which 
will  be  preKently  set  forth,  as  to  the  special  homologies 
of  the  '  pars  squamosa  oasis  tomporis,'  1  have  felt  com' 
pelted  to  express  the  conclusion  by  a  definite  term,  and 
in  the  present  instance,  have  selected  that  which  recalls 
the  best  accepted  anthropomorphical  designation  of  the 
part;  although  'squamosal'  must  be  understood  and 
applied  in  an  arbitrary  sense,  and  not  as  descriptive  of 
a  scale-like  form ;  which,  in  reference  to  the  bone  so 
called,  is  rather  it«  exceptional  than  normal  figure  in 
the  vertebrate  series.' 

The  principles  which  Mr.  Owen  here  adopts  in  the 
Belection  of  names  for  the  parts  of  the  skeleton  are 
wise  and  temperate  They  agree  with  the  aphorisms 
concerning  the  language  of  science  which  I  published 
in  the  Philosophy  of  the  Indaftive  Scieiiees;  and  Mr, 
Owea  does  mB  the  great  honout  o{  ^ii<A!uif^'«'v'C&  v^ 
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|K«mlMHMfl{tlMBe  Aphorians.  I  maj  perbapa  Ulce 
Ihitifciilj  iif  iiiiMiifciim  iliiii  ilii  iijiliiii  oftennawhidi 
kr  In*  otaatovrtfld,  m»j,  scconling  to  our  principle^ 
W  Mflarf  Mlhn-  •  IWaMNoto^  than  a  Xomatelaltm: 
that  i^  tk^  ue  ■■■logawa  nora  neftrij  to  tlie  famu 
hy  wUck  fcnf  ■"mi  dMKribo  tke  parta  aad  organs  of 
ytMi^  tl^  to  tkc  MrHK*  bf  wkkh  they  denote  geuen 
aadifme^  A*  we  fakve  nea  in  tlie  UUtorr,  pUnb 
»  »A  ■»  iwh— h  •(«  Mibiect  to  morpliolngictJ  laws; 
imJL  IW  auBCK  vbkb  ue  si*^n  to  orgaos  io  coiue- 
■Mae  «f  tkoae  \kw%  an  a  part  of  the  T«rminologj  of 
tt*  aB^MK.  N«r  k  tUa  distiiictioa  betweea  Tennt 
vwitliaat  its  use;  fortheniks 
1  of  words  in 
Tbe  Nomenclature  d 
jiMMa  aad  »paaM  imj  be  arbitiarr  and  caaoal,  aa  it 
U«  eMe  to  a  peat  extent  in  Botany  and  is  Zoologj, 
wpatiallj  of  Cbanl  1 1  iiaiiiii .  aaaww  being  giren,  for  iD- 
r  to  indiriduaU.  Bnt 
e  of  derivation  is  not 
t  analogy  or  idea  must  be 
afcyluA,  at  laut  a>  ths  vngia  of  tbe  name,  though  not 
~ly  ti«a  ia  ill  ita  apftbcatioaa,  aa  we  have  seen 
aaof  tlw  '■[■■aimal'  jastquoted.  Thisdif- 
■  tfce  ntha  rr^trting  two  1 ' 


Saek  a  Tccmiaolai^af  t^  bones  of  the  skeletons  of 
"  >  Hr.  Owm  haa   thus   pro]>ounded, 

«  acquisition  to 
g  traat  what  we  knoir 
alm^f  to    wider    tnoki    and    new    morphological 

Wtib  repid  to  one  of  tlkesedoctarinM,  tbe  resolution 
ef  the  hanaB  bod  into  rertebrB,  Hr.  Owen  now 
tlgarii  it  as  a  great  tmtb,  end  refilieB  to  the  objeo- 
tWM*  of  Cvvicr  and  IL  Agassis,  in  detuL^  He  givea 
a  TaUe  ia  whii^  the  Boa«s  of  the  He*d  are  noolTed 
iMO  fiMiT   Tcrtebne,  which  h«   terms  the   Occapilal, 


*  A«tfB.^HHat«ri>«  ■!«■¥• 


MolTed 

»pi(al,       I 
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Parietal,  Prantal,  and  Nasal  Vertebnt  respectively, 
These  four  vertebra  ^ree  in  general  witli  whiit  Okeu 
called  the  Ear-vertebru,  the  Jaw- vertebra,  the  Eye- 
vertebra,  and  the  Nose- vertebra,  in  his  work  On  Uta 
Hignificatiim  of  the  Bonea  of  the  StuU,  jmblished  in 
1807  :  and  in  various  degrees,  with  similar  views  pro- 
mulgated by  apLK  (1815),  Bojamis  (i8t8),  Oteo&oy 
(1834),  Carus  (1828).  And  I  believe  that  theae 
viewB,  bold  and  &uciful  as  they  at  first  appeared,  have 
now  been  accepted  by  motit  of  the  principal  pbysiolo- 
giets  of  our  time. 

But  another  aspect  of  tliis  generalization  has  been 
propounded  among  physiologists;  and  has,  like  the 
others,  been  extended,  systematized,  and  provided 
with  a  convenient  language  by  Mr.  Owen.  Since 
animal  akeletona  are  thus  made  up  of  vertebne,  and 
tlieir  partii  are  to  be  nnilorstood  as  devejopements  of 
the  parts  of  vertebne,  Geotfroy  {1822),  Carua  (1828), 
Mulier  ([834),  Cuvier  (1835),  had  euiployed  certain 
terms  while  speaking  of  audi  develojieuients ;  Mr. 
Owen,  in  the  Geological  Transttctiora  in  1838,  while 
discussing  the  osteology  of  certain  fossil  Saurians, 
uaed  terms  of  tliis  kind,  which  are  more  systematic 
than  those  of  his  predecessors,  and  to  which  he  has 
given  currency  by  the  quantity  of  valuable  knowledge 
and  thought  which  he  has  embodied  in  them. 

According  to  his  Terminology,'  a  vertehi-a  in  its 
tjqiical  completeness,  connists  of  a  central  part  or 
centrum;  at  the  back  of  this,  two  plat«8  (the  neunU 
apophy»e»)  and  a  third  outward  projecting  piece  (the 
neural  aptiif),  which  three,  with  the  centrum,  form  a 
canal  for  the  spinal  marrow;  at  the  front  of  the 
centrum  two  other  plates  (the  hcernal  apojAi/aet)  and 
a  projecting  piece,  forming  a  canal  for  a  vascular 
trunk.  Further  lateral  elements  (jjlfuro-a^ophygti) 
and  other  projections),  are  in  a  certain  sense  de])endeut 
on  these  principal  bones ;  besides  which  the  vertebra 
may  support  diverging  appendages.  These  parts  of 
tlie  vertebra  are  fixed  together,  so  that  a  vertebra  is 

>  ^mfaftp> aiidSmalaskt  i^tU  rtrUiraU  SMdon.     t%.#,v-%i- 
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b;  some  anatomists  described  as  a  single  bone;  but 
the  parts  outr  mentioned  are  usually  dereloped  irom 
distinct  and  inde[>endeiit  centres,  and  are  tlierefoK 
called  by  Mr.  Owen  '  autogeaoos  elements. 

The  General  Homology  of  the  vertebral  slceletoa  u 
the  reference  of  all  the  parts  of  a  skeleton  to  their 
true  types  in  a  neries  of  vertebrs :  und  thus,  aa  tptaal 
homology  refers  oil  the  parts  of  skeletons  to  a  given 
type  of  skeleton,  say  that  of  Man,  general  homology 
refers  all  the  parts  of  every  akeletou,  say  that  of  M'lri 
to  the  parts  of  a  aeries  of  Yertebne.  And  thus  u 
Oken  propounded  hia  views  of  the  Head  oa  a  reaolation 
of  the  Problem  of  the  Si^ification  oftlie  Btmet  of  fit 
Head,  so  have  we  in  like  manner,  for  the  purposes  of 
General  Homology,  to  solve  the  Problem  of  the  Signi- 
fcation  of  Liinbg.  The  whole  of  the  animal  being  a 
string  of  vertebne,  what  are  arms  and  legs,  hands  and 
paws,  claws  and  fingers,  wings  and  fins,  and  the  likel 
This  inquiry  Mr.  Owen  has  pursued  as  a  ueces^i; 
part  of  his  inquiries.  In  giving  a  public  lecture  upon 
the  subject  in  1849,*  ^^  conceived  that  the  phnM 
which  I  have  just  employed  would  not  be  deariy 
apprehended  by  an  English  Audience,  and  entitled  hii 
'~'  'On  tbe  Nature  of  Limbs:'  and  in  tiiis 

ae  explained  the  modificatiooa  by  which  Um 
various  kinds  of  limbs  are  derived  from  their  rudi- 
ments iu  an  archetyfial  skeleton,  that  is,  a  mere  series  of 
vertebno  without  bead,  arms,  legs,  wings,  or  tins. 


Final  Cauaeg. 

It  bos  been  mentioned  in  the  History  that  in  the 
discussions  which  took  place  conceming  the  Unity  of 
Plan  of  animal  structure,  this  principle  was  in  some 
measure  put  in  opposition  to  the  principle  of  Final 
Causen:  Morphology  was  opposeil  to  Teleology,  It  is 
natural  to  ask  whether  tlie  recent  study  of  Morphology 
has  affected  this  antithesis. 

*  On  (*f  A'n(BHo/Mi»l»,«  Dtaeoimeilpllvered  ■(  B  Meeting  of  tl» 
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If  there  be  advocates  of  Fiiml  Causes  ia  Physiology 
whu  woiild  push  their  doctrioe  bd  far  as  to  assert  that 
every  feature  and  every  relation  iu  the  structure  of 
animals  have  a  purpose  discoverable  by  man,  such 
reasoners  are  liable  to  be  perpetually  thwarted  aud 
embarrassed  by  the  pro^p-ess  of  anatomical  knowledge; 
for  this  progress  often  shows  that  au  arrangement 
which  had  been  explained  and  adiaired  with  reference 
to  some  purpose,  exists  also  iti  caaes  where  the  pur- 
pose disappeam;  and  again,  that  what  had  been  noted 
aa  a  special  toleologicul  arrangement  is  the  result  of  a 
general  morphological  law.  Thus  to  take  an  example 
given  by  Mr.  Uwen  :  that  the  ossidcation  of  the  head 
originates  in  several  centers,  and  tliua  in  its  early 
stages  admits  of  compression,  has  been  pointed  out  as 
a  provision  to  facilitate  the  birth  of  viviparous  animals ; 
but  our  view  of  this  provision  is  disturbed,  when  we 
find  that  the  same  mode  of  the  formation  of  the 
bony  framework  takes  place  in  animals  which  are  born 
from  an  egg.  And  the  number  of  {Kiiuts  from  which 
ossiBcatiuQ  biggins,  depends  in  a  wider  sense  on  the 
general  homology  of  the  animal  frame,  according  to 
which  each  part  is  composed  of  a  certain  number  of 
autogenous  vertebral  elements.  In  this  way,  the  ad- 
mission of  a  new  view  as  to  Unity  of  Plan  will  almost 
necessarily  di.^phioe  or  modify  some  of  the  old  views 
respecting  Final  Causes. 

But  though  the  view  of  Final  Causes  is  displaced,  it 
is  not  obliterated^  and  especially  if  the  advocate  of 
Purpose  is  also  ready  to  admit  visible  correspondences 
which  have  not  a.  discoverable  object,  as  well  as  con- 
trivances which  have.  And  in  truth,  how  is  it  pos- 
sible for  the  student  of  anatomy  to  shut  his  eyes  to 
either  of  these  two  evident  aspects  of  naturel  The 
arm  and  hand  of  man  are  made  for  taking  and  holding, 
the  wing  of  the  sparrow  w  made  for  flying;  and  each  is 
adapted  to  its  eud  with  subtle  and  manifest  contrivance. 
There  is  plainly  Design,  But  the  arm  of  man  and  the 
wing  of  the  sparrow  correspond  to  each  other  in  the 
most  exact  manner,  bone  for  bone.  Where  ia  the  Use 
r  the  PuipoBB  of  this  oorroHpondencQl    I£  \^^  >m  iu^ 
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that  there  may  he  a  purpose  though  we  do  uot  mo  it, 
th&t  is  granted.  But  FiuiU  Onuses  ,^rr  lu  are  eootrv 
vances  of  which  tw  tee  the  eud ;  and  uot&ing  »  added 
to  the  eridenoe  of  Dtsign  by  the  perception  of  a  unity 
of  plan  which  in  no  way  ttuds  to  promote  the  deaigu. 

It  may  fao  Baid  that  the  deaign  appfAra  in  the  modi- 
fication of  the  plan  in  special  ways  for  special  parpoao; 
— that  the  verlchnd  plan  of  an  anintal  being  given. 
the  fore  limbs  are  modified,  in  Mau  and  in  Sparrow,  m 
the  nature  and  life  of  each  require.  And  this  is  Irnlj 
aaid;  and  is  indeed  the  truth  which  we  are  endesTour- 
ing  to  bring  into  view : — that  there  are,  ia  such  qwcn- 
lationfi,  two  elements;  one  given,  the  other  to  bo 
worked  out  from  our  examination  of  the  case;  tbednfwa 
and  the  probkni';  the  homology  and  the  teleology. 

Mr.  Owen,  who  has  done  so  much  for  the  former  of 
these  portions  of  our  knowledge,  has  also  been  con- 
Btautly  at  the  same  time  contributing  to  the  other. 
Wliile  he  has  been  aiding  our  advances  towards  ihe 
Unity  of  Nature,  he  haa  been  ever  alive  to  the  jior- 
ception  of  an  Intelligence  which  pervades  Nature. 
While  his  morphological  doctrines  have  moved  the 
point  of  view  from  which  he  sees  Design,  they  have 
never  obscured  his  view  of  it,  but,  on  the  contrary, 
have  led  him  to  present  it  to  his  renders  in  new  auil 
striking  aspects.  Thus  he  has  pointed  out  the  final 
purposes  in  the  different  centers  of  ossification  of  tlis 
long  bones  of  the  limbs  nf  mammals,  and  ahown  huw 
and  why  they  dilfL:r  in  tliia  respect  from  reptiles  (Arclie- 
type,  p.  104).  And  in  this  way  he  has  been  able  to 
point  out  the  insufficiency  of  tlie  ride  laid  down  boUi 
by  tieoffroy  St.  Hilaire,  and  Cuvier,  for  ascertMuinj 
the  true  uiimber  of  bones  in  each  species. 

Final  Causey  or  Evidences  of  Design,  appear,  as  ws 
have  said,  not  merely  as  contrivanoes  for  evident  ptu« 
poses,  but  as  modifications  of  a  given  general  Plan  Kv 
special  given  ends.  If  the  general  Plan  be  discoveral 
after  the  contrivance  has  been  noticed,  the  discoveiT 
may  at  first  seem  to  obscure  our  [lerception  of  Purpcw; 
but  it  will  soon  be  found  that  it  mei-ely  transfen  n  ^ — 
a  higher  poiiA  ot  susw .    T^b  BAwj\«.'<k(i\i  a1  ■aoa  H 
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bo  the  End  remains,  though  the  MerniB  are  partfl  of  a 
more  geueral  scheme  than  we  were  aware  o£  No  geiie- 
ratization  of  the  Means  can  or  ought  jierroanentlj  to 
shake  our  conviction  of  the  End ;  because  we  mtint 
DBeda  suppose  that  the  Intelhgence  which  contemplates 
t)ie  End  is  aa  Intelligence  which  can  see  at  a  glance 
along  a  vista  of  Means,  however  loug  and  complex. 
And  on  the  other  hand,  no  special  contrivance,  how- 
ever clear  be  its  arrangement,  can  be  unconnected  with 
the  general  correapoinleuces  and  harmonies  by  which 
all  {>arts  of  nature  arc  pervaded  and  hound  together. 
And  thus  no  luminous  teleological  point  can  be  extin- 
goiahed  hj  homology;  nor,  ou  the  other  hand,  can  it 
be  detached  trom  the  general  espanae  of  homological 
light 

The  reference  to  Final  Causes  is  sometimeB  spoken 
of  OS  unpliilosophical,  in  consequence  of  Francis  Bacon's 
comparison  of  Final  Causes  in  Physics  to  Vestal  Virgins, 
devoted  to  God,  and  barren.  I  have  repeatedly  shown 
that,  in  Physiology,  almost  all  the  great  discoveries 
which  have  been  made,  have  been  made  by  the  assump- 
tion of  a  purpose  in  animal  structures.  With  reference 
to  Bacon's  simily,  I  have  elsewhere  said  that  if  he  had 
had  occasion  to  develops  its  bearings,  full  of  latent 
meaning  as  his  similies  so  often  are,  he  would  probably 
tiave  said  that  to  those  Final  Causes  barrenness  was 
no  reproach,  seeing  they  ought  to  be  not  the  Mothers 
but  the  Daughters  of  our  Natural  Sciences;  and  that 
they  were  barren,  not  by  imperfection  of  their  nature, 
but  in  order  tliat  they  might  be  kept  pure  and  unde- 
tiled,  and  so  fit  miuistera  in  the  temple  of  God.  I  might 
add  that  in  Physiology,  if  they  are  not  Mothers,  they 
are  admirable  Nui-ses ;  skilful  and  sagacious  in  per- 
ceiving the  signs  of  pregnancy,  and  helpful  in  bringing 
the  Infant  Truth  into  the  light  of  day. 

There  is  another  aspect  of  the  doctrine  of  the  Arche- 
typal Unity  of  Composition  of  Animals,  by  which  it 
paints  to  an  Intelligence  from  which  the  frame  of 
Nature  proceeds;  namely  this: — that  the  Archetype 
of  the  Animal  Structure  being  of  the  nature  of  an  l^ea., 
implies  a  mind  in  iriiioh  thia  Idea  eziate^-,  ui^  rJuA 
^ftu.  in.  OO  
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lUS  Homology  itself  points  the  way  t^A«r 
[ind.  But  while  we  Bckiiowleilge  the  full  t 
lis  view  of  theolugicat  bearing  of  phy&iologj-,  i 
-enture  to  say  that  it  is  a  view  quite  differ^) 
iiat  which  is  described  by  Breaking  of  '  Final  ( 
ad  one  much  more  difficult  to  present  ill 
— """  *i  ordinary  "iinds. 


7ITH regard  toGeology.aaRpalretiologioal  Science, 
I  do  not  know  that  any  new  tight  of  un  important 
End  has  been  thrown  upon  the  general  doctrines  of  the 
]c«.  Surveys  and  examinations  of  special  pheno- 
a  and  special  districts  have  beea  canied  on  with 
otivity  and  intelligence ;  and  the  animals  of  which 
s  people  thu  strata,  have  been  reconstructed 
by  the  skill  and  knowledge  of  zoologists ; — of  such  re- 
oonstnictions  we  hare,  for  instaticc,  a  fine  assemblage 
in  the  publications  of  the  Palieoutological  Society.  But 
the  great  questions  of  the  manner  of  the  creation  and 
succession  of  animal  and  vegetable  species  upon  the 
earth  remain,  I  think,  at  thn  point  at  which  they  were 
when  I  published  the  last  edition  of  the  History. 

I  may  notice  the  views  propounded  by  some  chemists 
of  certain  bearingn  of  Mineralogy  upon  Geology.  As 
we  have,  in  mineral  masses,  organic  remains  of  former 
organized  beings,  so  have  we  crystalline  remains  of 
former  crystals;  namely,  what  are  commonly  called 
pgetidomorphoaea — the  shape  of  one  crystal  in  the  sub- 
gtaace  of  another.  M.  U.  Bischoff'  considers  the  study 
of  paeudoniorphs  as  important  in  geology,  and  as  fre- 
quently the  only  means  of  tracing  processes  which  have 
taken  place  and   are  still  going  on  in    the  mineral 

I  may  notice  nlso  Professor  Breithanpt's  researches 
on  the  Older  of  succession  of  different  minerals,  by 
observing  the  mode  in  which  they  occur  and  the 
order  in  which  different  crystals  have  been  deposited, 
promise  to  be  of  great  use  in  following  nut  the  geolo- 
gical changes  which  thecruatof  theglohehasundergona 
(Die  Paragenesis  der  Mineralien.     Frnibcrg.     1849.) 
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In  conjunctitin  with  these  niBy  be  bilcen  M.  i\e 
Senarmont'e  experiments  on  the  foi-matian  of  minenih 
in  Tains;  aad  Ivesides  Blschoff'a  CAemieal  GnJoify. 
Sartorius  von  Walterhaiisen's  Observationa  on  the 
occurrence  of  minerals  in  Amygdaloid. 

Aa  a  recent  example  of  s|iecuUtions  concenung 
Botanical  Palietiology,  I  may  give  Dr.  Hooker's  riews 
of  the  pi-obable  hiatory  of  the  Flora  of  the  Pacific 

In  speculating  upon  this  queslioD,  Dr-  Hooker 
is  led  to  the  discussion  of  geological  doctrina 
concerning  the  foi-mer  continuity  of  tract*  of  land 
which  are  now  separate,  the  elevation  of  low  luidi 
into  mountain  ranges  in  the  course  of  ages,  and  the 
like.  We  have  already  seen,  in  the  speculations  of 
the  Iat«  lamented  Edward  Forbes,  (see  Book  xviiL 
chap.  vi.  of  this  History,)  an  example  of  a  hrpoth«ai9 
propounded  to  accoiint  for  the  existing  FlorH  of  Eng- 
land; a  hypothesis,  namely,  of  a  former  Connexion  i>S 
the  West  of  the  Briti.sh  Isles  with  Portugal,  of  the  Alp* 
of  Scotland  with  those  of  Scandinavia,  and  of  the 
plains  of  East  Anglia  with  those  of  Holland.  In  Mke 
Dr.  Hooker  says  (p.  xxi.)  that  he  was  led  to 
speculate  on  the  possibility  of  the  plants  of  the 
Southern  Ocean  being  the  remains  of  a  Flora  that  hail 
once  spread  over  a  larger  and  more  contiauous  tract 
of  land  than  now  exists  in  the  ocean ;  and  that  tlie 
peciiliar  Antarctic  genera  and  species  may  be  tlte 
Testiges  of  a  Flora  characteriMd  by  the  predominance 
of  plants  which  are  now  scattered  throughout  the 
Southern  islands.  He  conceives  this  hypothesis  to  he 
greatly  supported  by  the  observations  and  reasoning 
of  Mr.  Darwin,  tending  to  show  that  such  risings  aiid 
sinkings  are  in  active  progress  over  large  portions  nf 
the  continents  and  islands  of  the  Southern  heniispbejT ; 
and  by  the  speculations  of  Sir  C.  Lyell  respecting  the 
influence  of  climate  on  the  migrations  of  plants  and 
animals,  and  the  influence  of  geological  changes  upon 
climal«. 

In  Zoology  I  may  notice  (following  Sir.  Owen)^  1 
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discoTeries  of  the  remains  of  tho  aninials  which  come 
nearest  to  tnun  in  their  structure.  At  the  time  of 
Cuvier'a  death,  iu  1832,00  evidence  hnd  been  obtained 
of  fossil  Quadrumaua;  and  he  supposed  that  these,  as 
wdl  as  Bimana,  were  of  very  recent  iDtroduction.  Soon 
after,  in  the  oldest  (eocene)  tertiary  deimsits  of  SufTolk, 
remains  were  found  proving  the  existence  of  a  monkey 
of  the  genus  Macacus.  In  the  Himalayan  tertiariea  were 
fband  petrified  bones  of  a  Semnopithecua ;  in  Braiil, 
remains  of  an  extinct  i-latyrhine  monkey  of  great  size ; 
and  lastly,  in  the  middle  tertiary  series  of  the  SoHth  of 
France  was  discovered  a  fragment  of  tlie  jaw  of  the 
long-armed  ape  (IlyliAates).  But  no  fossil  human 
remains  have  been  discovered  in  the  regularly  deposited 
layers  of  any  of  tlie  divisions  (not  even  the  pliocene) 
of  the  tertiary  series;  and  thus  we  have  eiddeDce  that 
the  placing  of  man  on  the  earth  was  the  last  and  j>e- 
culiar  act  of  Creation. 
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